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ABSTRACT
TABLET-BASED SELF-MANAGEMENT INTERVENTION FOR DIABETES MELLITUS TYPE 11
PATIENTS: USABILITY AND EFFICACY OF THE ASSISTWELL APPLICATION
SEPTEMBER 2017
MOHAMMAD Y. ALKHAWALDEH, B.S.N., PHILADELPHIA UNIVERSITY
M.S.N, STEVENS HENAGER COLLEGE
Ph.d., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Jeungok. Choi

Background: The usefulness of technology and the powerful capabilities of
technological applications have led to a significantly increased interest in finding novel
approaches to support older adults’ self-management. Self-management technological
applications have been used in various contexts, and usability is key in sustainability and
adoption of such technologies.
Objective: The purpose of this research is to assess the usability of the
ASSISTwell application in an older adult population with Diabetes Type II (DMII) and
explore whether the application can effectively enhance DMII patients’ self-management.
Design: Qualitative interviews, Observation, and Quasi-experimental design.
Methods: Semi-structured interviews, observation, documentation, and
quantitative standardized measures were used in this study. A purposive sample of 24
elderly patients with DMII was recruited for the study. Descriptive and inferential
analysis were used to analyze the quantitative data. Simple content analysis was used to
organize the emerging usability themes.
Results: User feedback from the four-week user intervention demonstrated good
usability of the ASSISTwell application. After using the ASSISTwell for 30 days, there
was significant improvement in the perceived diabetes self-management skills of the
vii

intervention group (difference in mean PDSMS (F (1, 20) =5.11, p=0.035). Furthermore,
those who used ASSISTwell (mean= 30.22, SD= 6.34) had higher PDSMS scores than
those who received usual care without ASSISTwell (mean= 23.95, SD= 7.12). There was
no significant difference in mean blood glucose levels (F (1, 20) =0.37, p=0.54) between
the two groups. Those who used ASSISTwell (M=178, SD=40) had lower blood glucose
levels than those who received usual care without ASSISTwell (M=185, SD=49), but the
difference is not statistically significant.
Conclusions: The novel ASSISTwell application presented in this paper helped
participants improve their diabetes self-management skills. A well-designed application
with new features has the ability to provide more promising results regarding improving
perceived diabetes self-management skills. Also, examining usability is an essential step
in application development to ensure that the application's features match users'
expectations and needs and minimize the likelihood of user errors and difficulties using
the system.
Keywords: self-management, diabetes mellitus, usability testing, chronic
illnesses, mobile health, internet, technology, mHealth, mobile health, older adults, selfcare, user experience, human-computer-interaction, and telehealth.
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CHAPTER 1
INTRODUCTION
Introduction and Background
Uncontrolled and unmanaged diabetes often results in serious medical
complications, including kidney failure, lower limb amputations, adult onset blindness,
obesity, hypertension, nerve damage, heart disease and stroke (Erdem & Korda, 2014).
Ineffective self-management may lead to exacerbation of disease symptoms and
hospitalization for up to 30% of adults annually (Spector, Mutter, Owens, & Limcangco,
2012). According to the American Diabetes Association, 25.8 million people in the
United States currently live with diabetes (DM), and of these 90 to 95% have Diabetes
Mellitus Type II (Hunt, Sanderson, Ellison, 2014). Of those individuals who are
hospitalized, more 25% are discharged from the hospital only to be re-hospitalized for the
same problem within 30 days (Technologies, 2012). The estimated cost of diabetes in the
U.S. was $245 billion in 2012, a 41% increase over the previous five years (Diabetes
Association, 2015). Developing strategies to improve older adults’ abilities to selfmanage their conditions and maintain functional ability is important to help these
individuals avoid hospitalization, reduce healthcare costs, improve outcomes, and live
active lives in the community.
Routine clinical visits and face-to-face education sessions outside of the clinical
setting have proven to be inadequate in promoting patient self-management of
DM. These methods for self-management pose challenges for patients due to
transportation issues, physical limitations, and support/assistance needs (Pal, Eastwood,
Michie, Farmer, Barnard, & Peacock, 2014).
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Technology offers new options to educate patients in self-management.
Researchers tend to focus on technological applications such as mobile health, telehealth,
tablet-based computers, interactive voice response, and computer software to support
self-management within various contexts. For example, Arsand and his colleagues (2010)
developed a mobile phone application to promote self-management among DM patients.
This application helps patients record and communicate data related to their condition
and share it with their care providers. For further examples of recent technological
applications for self-management, refer to table 1.
Due to the focus on technological applications in supporting self-management
among patients with chronic illness, older adults were found to regularly use
technological applications to help manage their activities (Jacelon, 2010). Evidence from
the literature showed that older adults have shown the ability and willingness to use
technological devices if they help them to stay in their own home (Jacelon & Hanson,
2013), and if they overcome their challenges with transportation and physical limitations
(Pal et al, 2014). For example, older adults will be more likely to use a self-management
application if doing so will improve the likelihood that they do not have to drive to an
educational session or sit in a classroom.
Several tablet-based applications have been developed for older adults to
improve their self-management abilities. However, current technology approaches,
including tablet applications, lack the structure of theoretical frameworks. This can
produce fragmented interventions that are only narrowly focused on disease management
and do not focus at all on the lifestyle or functional role of patients in the selfmanagement process (Jacelon et al, 2016).
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Table 1: Examples of technological applications to support self-management
Author Name
Tabak et al.

Year

2014

Pratt et al.

2013

McCusker et al.

2012

Stuckey et al.

2011

Davis et al.

2010

Trief et al.
2009

Handley,
Shumway, &
Schillinger.

2008

Hurling et al.

2007

Lorig et al.

2001

Technological Intervention Description
Telehealth program: this intervention consists of four
models: 1) web-based exercise program on the web
portal, 2) activity coach for ambulant activity, 3) webportal self-management model to treat disease
exacerbation, 4) tele consultation module for
comments and asking questions
Telehealth intervention: electronic device is connected
to home telephone line and programmed with medical
information and questions specific to users’ health
conditions
Telephone supported self-care for depression: this
intervention contains two approaches: 1)
Informational approach, and 2) Behavioral approach.
Both approaches include audio-visual, internet and
paper formats.
Remote monitoring technology: participants were
given a smart phone, blood pressure monitor,
glucometer, and pedometer to measure and track their
physical activity, and to have access to interactive
information.
Interactive video conferencing by self-management
education team (nurse, certified diabetes educator, and
dietitian).
Telemedicine tool intervention using a web-enabled
computer to upload blood glucose and blood pressure
readings, video-conferences with a dietitian/nurse case
manager, and access to education and data.
Automated telephone self-management support with
nurse care management (ARSM): this intervention
uses interactive phone technology to provide patient
education, surveillance, and one-on-one counseling,
and was supported by three languages.
Internet and mobile phone based program designed to
promote increased physical activity in 77 healthy
adults. Program was fully automated and provided
real-time objective feedback from a wrist-worn
accelerometer connected to a Bluetooth to measure
physical activity
Internet-based diabetes self-management program:
consists of six weekly educational sessions about selfmanagement
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The Assistwell application was developed in order to address these issues and
therefore improve older adults’ self-management of DM. It is a tablet-based application
based on the theoretical framework of Maintaining the Balance and focuses on a
functional approach of monitoring and supporting the health, activity, attitude, and
autonomy of the individual (Jacelon, 2010).
Statement of the Problem
Face-to-face educational interventions have proven inadequate for promoting selfmanagement in patients with DMII due to patient transportation issues, physical
limitations, and lack of family, friends and peer support/assistance (Pal et al., 2014).
Today’s technology, such as smart phones or tablets, offers additional options for
educating patients in the self-management of chronic diseases. However, current
technological approaches are not based on theoretical frameworks, and do not focus on
the functional role of the patient in the self-management process. Additionally, the
designs of these applications have rarely used user-centered design techniques. Current
technology tends to be more tailored to surveillance than engaging the patient in their
care process. This presents a problem for patients hoping to use a self-management tool,
because until changes are made to the current design, using these interventions to
improve DMII self-management will remain inadequate.
Short and Long Term Goals and Overall Objective
The short term goal of this study is to improve self-management among DMII
patients by implementing use of the ASSISTwell application in a population of adults
with DMII. The long-term goal of this research is to promote DM self-management and
thereby improve outcomes such as better glucose control and improved ability to self-
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management for patient with DM. This long-term goal is consistent with the Healthy
People 2020 goal of improving the health, function, and quality of life for people with
DMII (Healthy people, 2012).
The overall objective of the research is to determine whether the ASSISTwell application
can effectively enhance and support DMII patients’ self-management.
Specific Aims
To accomplish the goals of this investigation there are two specific aims: 1)
Determine the usability factors (e.g. satisfaction and ease of application use) of the
ASSISTwell application; 2) Pilot test the effect of use of the ASSISTwell application on
blood glucose levels and patients’ perceived ability to self-manage their DMII. Under the
first aim, subjects will be interviewed weekly and data from the interviews will be
analyzed for themes and patterns to be used in developing and improving the
ASSISTwell application. Under the second aim, data will be collected before and after
using the ASSISTwell application for 30 days. Data will be analyzed to determine the
association between the use of the application and blood glucose levels/patients’ ability to
self-manage.
Hypothesis
We hypothesize that patients using the ASSISTwell application will have lower
blood glucose levels and a greater perception of self-care management abilities than those
receiving the current standard of care.
Our hypotheses are formulated based on the self-management model of
Maintaining the Balance (Jacelon, 2010), which states that individuals who manage and
balance their activities, health, autonomy, attitudes, and relationships will be able to
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obtain optimal wellness. According to the model, patients who uses the ASSISTwell
application will be able to manage and balance their health by crafting a management
plan to track medications, monitor health status, engage in social interactions, maintain
positive attitudes, sustain independence, and maintain activity and further improve
optimal wellness (better control of their blood glucose level, and improved skills and
confidence in their ability to self-manage their conditions).
Primary Research Questions
Aim 1: Usability
Qualitative Research Questions (interviews)
1) What is participants’ overall experience of using the ASSISTwell
application for four weeks?
2) How does the ASSISTwell application fit as a component of routine
diabetes self-management in older adult patients with DMII?
3) What features, changes, or key information would the users like to have
added or removed to/from the ASSISTwell application?
Qualitative Research Questions (observations)
1) What is the percentage of success of completing a set of tasks in the first
and last week of using the ASSISTwell application? (Effectiveness)
2) How quickly does the user complete assigned tasks in the first and last
week of using the ASSISTwell application? (Efficacy)
3) How many errors do users make? How serious are the errors? How easy
is it for users to recover from the errors? (Errors or Simplicity)

6

Quantitative Research Question
1) What is the satisfaction level of DMII patients using the ASSISTwell
application for four weeks?
Aim 2: Self-management and Diabetes
Quantitative Research question
1) Does the ASSISTwell application improve blood glucose levels in older
adult patients with DMII?
2) Does the ASSISTwell application improve DMII patients’ perceived
ability to self-manage their condition?
Statement of Significance
Self-management has repeatedly been identified as a key element in improving
the quality of life of individuals with chronic disease through prevention and relief of
suffering (Johnston et al., 2014). Improved self-management results in reduced stress,
enhanced confidence, and better disease outcomes (Tung, 2012). Self-management is
vital for patients with DMII, and leads to improved Hemoglobin A1C levels, better
monitoring of blood glucose levels, and adherence to various physician
medication/treatments recommendations (Deakin et al., 2005).
Technological approaches to support self-management and bring novel solutions
into healthcare settings have gained momentum. Technological devices such as tablets,
computers, cell phones, etc. have been found to be used regularly among older adults to
help maintain their activities (Jacelon, 2013). A more complete understanding of the
effectiveness of theory based computerized interventions in the context of self-
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management for patients with DMII will illuminate new solutions that focus on patient
functional ability.
Our contribution to the research in this area is to provide new knowledge about
the effectiveness of a theory based computerized intervention on self-management among
patients with DMII. This contribution will be significant because it is expected to provide
evidence of improved self-management, improved health behaviors (e.g. glucose level,
perceived ability to self-management, balancing activities, balancing exercise, diet, etc.),
and reduced DM complications, thus reducing re-hospitalization rates and improving
quality of life.
The research findings will provide evidence that will increase our understanding
of the association between using theory based computerized interventions and selfmanagement among DMII patients. Expanding knowledge about the effectiveness of
using technology applications in supporting self-management will provide new evidence
to fill a current need for solutions pertaining to diabetes self-management.
Statement of Innovation
The status quo as it pertains to technological applications that support selfmanagement can be summarized as: self-management technological approaches still lack
the theoretical component, do not focus on functional roles, and are rarely based on usercentered design techniques. This has been the case despite numerous and quite different
approaches that have been taken. The proposed research in this paper is innovative, in our
opinion, because it represents a new and substantive departure from the status quo by
shifting focus to an application with a theoretical basis, focusing on the user’s functional
role, and using a user-centered design technique. The ASSISTwell application is an
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innovative system that is based on supporting self-management and functional ability
through a theoretically based intervention. The application is based on a theoretical
model called Maintaining the Balance (Jacelon, 2010) that can be used to balance selfmanagement activities for patients with chronic illnesses and does not focus on a
particular disease process. Therefore, this innovative approach will be more useful for a
wide spectrum of adults who are living with multiple chronic conditions than an
application designed for one specific disease. Unlike other types of self-management
technological approaches, the ASSISTwell application is focused on improving selfmanagement of the individual, not surveillance by healthcare providers. The application
is based on themes that support an individual’s ability to maintain health, maintain
socialization, maintain relationships, sustain independence, and maintain activity. In
addition, the proposed technological application is a relatively new, considers an
inexpensive technology, and designed for a population that has generally been thought to
be reluctant to use computers.
Theoretical Framework
Maintaining the Balance
Maintaining the Balance is a self-management model that was developed by
Jacelon (2010). In her qualitative descriptive study using a symbolic interaction
approach, she studied ten older adults with at least one chronic illness to understand how
those patients had to live daily with their condition. Based on her study findings, she
highlighted that individuals balance the management of their health, attitude, relationship,
autonomy, and activity in their daily lives (Figure 1).
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Figure 1: Maintaining the balance self-management model
According to the Jacelon’s Maintaining the Balance model (2010), selfmanagement is a dynamic process that is more than adherence to medication, diet,
exercise, or compliance; it is a strategy of how to balance the aforementioned themes and
set a strategy for living with the chronic condition. The following are the main five
domains in the Maintaining the Balance model:
Health
According to the Maintaining Balance Model (Jacelon, 2010), individuals
undertake various ways of managing their health. They manage their health by crafting a
management plan that consists of strategies and actions to monitor health status, track
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their medications, track their diet, exercise, etc. The actions and behaviors individuals
perform to manage their health help them to learn how to live with the condition.
Autonomy
This is one of the most important concepts, particularly for elderly people with
chronic illnesses. This theme is maintained by a combination of exercising control and
sustaining independence.
Relationship
The model emphasizes the importance of being engaged in social activities and
socialization in general. Negotiating family roles is another important component of
relationships. Being socially active contributes to overall wellbeing.
Attitude
In terms of self-management, there is a large focus on attitude and behaviors.
Individuals take strategies related to attitude, including: maintaining a positive outlook,
accepting losses, finding and creating meaning, and preparing for the future.
Activity
There are many categories that could fit under this theme. Jacelon (2010) found
that most of the common activities were achieved by the combination of performing
activities of daily living, fostering mobility, maintaining activities, using technology, and
managing instrumental activities of daily living.
People at The Center of Mobile Application Development (PACMAD)
Rapid advancement in technological applications has enabled researchers to
develop a wide range of applications that support self-management in the context of
chronic illnesses. Due to the high number of technological applications that are available
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for users, and the greater efforts that researchers spend on developing and implementing
such technologies, usability has become a key factor in adoption of these technologies.
Testing the usability of a technological application offers researchers and developers
insight into how the users see the application from several usability attributes. For
example, during usability testing, users will tell us about their satisfaction with the
application interface, the ease of use, errors, clarity of the application content, general
comments or feedback, etc.
People at The Center of Mobile Application Development (PACMAD) (Harrison,
Flood & Duce, 2013) is a comprehensive usability model that brings together the most
significant attributes from two popular usability models by Nielsen (1994) and
International for Standardization (ISO, 1997)). This model will guide the usability testing
in this study.
The PACMAD model identified three factors that can affect overall usability.
These factors are task, user and context of use. In addition, the model also introduces
seven important attributes that should be considered in a technological application’s
usability: effectiveness, efficacy, satisfaction, learnability, memorability, errors, and
cognitive load. Each of these attributes has an impact on the overall usability of an
application (Figure 2). PACMAD attributes will be described in details in chapter 2.
Definition of Terms
Definitions of concepts and terminologies that will be used in the study are as
follows:
•

Self-management: is defined as: “A fluid, iterative process during which patients
incorporate multidimensional strategies that meet their self-identified needs to
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cope with chronic disease within the context of their daily living” (Miller et al.
2015)
•

ASSISTwell: application is an interactive computer application housed on a small
tablet computer. This application is designed to support the self-management
activities of older adults who live with chronic illnesses including DM.

•

Usability testing: is defined as a technique used to evaluate technological
interventions by having the users directly using it to determine if it accomplishes
its intended goal. There are many usability attributes could be determined
throughout the testing, such as: learnability, efficacy, memorability, error, etc
(Harrison, Flood & Duce, 2013).

•

Maintaining the Balance: is a model for self-management developed by Jacelon
(2010). This model consists of five domains: attitude, autonomy, health, and
relationships. Jacelon proposed that when the five themes are in balance, the older
adult is able to achieve optimal wellness.

•

Effectiveness: is descried as completeness and accuracy with which users achieve
specified goals (Harrison, Flood & Duce, 2013).

•

Simplicity and Errors: this term refers to how well the user can complete the
desire tasks without errors, how many errors do users make, how serious are the
errors and how easy is it for users to recover from the errors (Harrison, Flood &
Duce, 2013, Nielson, 1994)

•

Efficiency: is defined as the expansion of resources in relation to the accuracy and
completeness to with which users achieve goals (Harrison, Flood & Duce, 2013).
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•

Satisfaction: is defined as the freedom from discomfort, and positive attitudes
towards the use of the product (Harrison, Flood & Duce, 2013)

Figure 2: PACMAD (People at the Center of Mobile Application)
Philosophical perspective
The philosophical perspective in this study is underpinned by the notion of
personalized healthcare. The ASSISTwell application was developed to support and
empower individuals in managing their conditions. A technological application that
supports self-management will provide patients with optimal support in a way that lets
them know they are valued and cared for as individuals. This application supports
individuals as a whole, not just their diagnosis, and helps them maintain a balance of selfmanagement activities. It aims to restore confidence, maintain independence and dignity,
and improve communication and socialization.
A World View of Self-management and Technology
Technology enables us to manipulate, influence, and change the world around
us. Our reality changes with the use of technology. We can see more. We can do
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more. We can change circumstances and outcomes. This also carries over into the use of
technology in supporting self-management industry. This industry has changed
significantly over the past 100 years. Reality for us in this day and age, related to
technology and self-management, is vastly different from what it was in the past. This is
prominently due to technological developments and advancements in healthcare in
general, and particularly in chronic illnesses. Now we see more and more technological
applications to support patients’ self-management skills and knowledge. Looking back 30
years, it is very rare and almost impossible to find a form of technology to support
patients’ self-management. Not only patients can benefit from the technology support,
but healthcare providers and patients’ families, friends, and peers also benefit from
technological support. For example, there are technological applications that support selfmanagement activities and allow users to generate visual data about their conditions,
facilitate communication with care providers, allow socialization, etc.
Self-management technology is a major part of the both patients’ and healthcare
providers lives. Technology has become a part of caring; by using technology a nurse is
able to provide better care and enhance patient satisfaction. At the same time, patients
start relying on technology in many aspects in their lives. We start seeing patients using
various forms of technology either in supporting their self-management abilities or
improving communication with care providers, etc. Having up-to-date self-management
technology has a strong correlation with maintaining high quality, safety, and overall
better care.
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Summary and Organization of the Remaining Chapters
It is expected that the knowledge gained from this study will increase our
understanding of the effectiveness of technological approaches in supporting selfmanagement behaviors. Through enhanced self-management of DM, we will improve
disease outcomes for individuals living with DM, reducing complications and costs, and
improving healthcare utilization. The research findings will provide evidence that will
increase our understanding of the association between using theory based computerized
interventions and self-management among DMII patients. The two main aims in the
study are testing the usability of the ASSISTwell application and determining if there is
an association between the use of the application and blood glucose levels and patients’
perceived ability to self-manage. Those two aims will be explored through quantitative
and qualitative approaches. Data will be mainly collected throughout users’ structured
interviews, observations, documentation, and completing standardized quantitative
research forms.
Chapter 2 will report on a review of the literature that was conducted to collect
evidence about usability and the use of self-management computer tablet applications
among patients with DM. The chapter begins with an introduction and background of
usability, diabetes mellitus, self-management, and mobile health interventions
specifically computer tablet applications. Common self-management mobile health
applications such as computer tablet applications and their effects on chronic illness
outcomes will be explored in this chapter. Additionally, common usability attributes,
factors, and techniques and approaches used in chronic illness usability studies will be
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examined in this review. As a central part of this literature review, evidence about using
computer tablet application interventions in diabetes self-management will be examined.
Chapter 3 will describe the research methodology in details. The chapter will
begin with a brief introduction about the study method and design. This introduction
includes a definition of what a Quasi- experimental, semi-structured interviews and
observations means and includes, why it was preferred in this research study. More
detailed information about the study methods will be divided into two main sections. The
first section will cover the first aim and the second section will cover the second aim.
Research design, population, settings, inclusion and exclusion criteria, sample size,
measures, procedures, data management, and data analysis will be explained in explicit
detail in this chapter.
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CHAPTER 2
REVIEW OF THE LITERATURE
Usability of Tablet-Based Applications
Introduction and Background
Advances in technological applications such as mobile health, telehealth, tabletbased computers, interactive response voice systems, and computer software are growing
dramatically in the field of healthcare, as there is considerable eagerness for mobile
health interventions. Mobile health interventions can have positive effects on both health
and health service delivery processes (Free et al, 2013). Technological applications have
been developed for a wide range of healthcare needs, including patient registration, data
management, and self- management applications. Since mobile technology can be
transported wherever a person goes, interventions are easy to access, as well as being
convenient (Free et al, 2013).
Rapid advances in health technological applications have enabled a wide range of
technological innovations to be developed and used by people in their daily lives. The
popularity of mobile devices, which are used by 2/3 of the world’s population, makes it
possible to deliver technological interventions at any time.
Mobile technologies are particularly appropriate for improving health care
service delivery processes due to their popularity, mobility, and technological capabilities
(Free et al, 2013). Therefore, developers must consider users’ perspectives in order to
develop usable and reliable devices. Some common issues that have been reported by
users during testing are small screen size, high power consumption rates, limited
connectivity, and limited input modalities (Rachel, 2013).
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The term “usability” is not new. It has been around for decades, and comes from
the term “user friendly” (Shultz & Hand, 2015). There is not one accepted definition of
usability. The concept of usability is used to generally describe technology that is selfexplanatory and does not require user training (Chandor et al, 1985). Nielsen (2003)
defines usability as a quality attribute that determines how easy the application interface
is to use. However, defining usability can be difficult due to the fact that many different
factors can influence an individual’s opinion regarding ease of use. Some of these factors
include personal values, activities, circumstances, and frameworks of utilization
(Hertzum et al, 2011). In addition, the individual’s level of understanding, the
computer’s capacity, and hardware/software can contribute to the program’s overall
usability (Soares et al, 2012).
Improvements in usability are crucial to the healthcare industry. By preventing
errors, boosting efficiency, and making technological interventions easier to use, the
quality of healthcare can be greatly improved (McHome et al, 2010). Technological
applications can transform healthcare, however they are useless if they are not effective
and easy to use. Users should not have to spend a lot of time and effort trying to figure
out how to use an application. Normally, users will try to avoid complicated or hard to
use applications. Applications with high usability standards positively benefit users
because users will be satisfied with the product, not feel frustrated, will enjoy interaction
with the application, and will achieve their goals effectively and efficiently.
In order to attain our goal of improving healthcare, technology that we present to
patients must be usable. Poor usability of technology can contribute to medical errors, as
well as affect patient education and support costs. Therefore, healthcare software
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development industries must make more of an effort to conduct usability studies in both
the design and development stages of an application (Bhutkar et al, 2013). Usability
directly influences whether or not a certain technology can effectively be used to achieve
its intended purposes (Shultz et al, 2015). By studying usability, the concept can be
improved and adaptation optimized (Schultz et al, 2015). Healthcare technology, nursing
practice, and education will benefit from a greater understanding of the concept of
usability, especially as the use of technological interventions becomes more prevalent in
the industry (Schultz et al, 2015).
Despite the advancement of the usability concept, review of the literature
uncovered inconsistencies, as well as the use of various methods of testing the
applications’ usability. Different methodological approaches, quantitative, qualitative,
case studies, controlled studies, etc., were used to determine usability and feasibility. The
purpose of this literature review is: 1) To explore the most common usability attributes
used to determine the usability of self-management technologic applications, 2) To
identify the most common usability factors, and 3) To determine the most common
usability approaches and techniques in assessing the usability of self-management
applications.
Methods
This literature review focused on technological applications and self-management
usability studies that were published between 2000 and 2015. The electronic versions of
CINAHL, PubMed, Web of Since, IEEE and Google Scholar were searched for relevant
articles. All studies included in this review were identified by using the terms selfmanagement, self-care, usability testing, feasibility testing, technological interventions
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and chronic illnesses. The search was restricted to studies published in the English
language. Reference lists of articles were searched for additional relevant articles. The
selected articles focused on usability of self-management applications. The initial search
resulted in 147 articles. 16 articles were added from the reference lists of articles
retrieved from the initial search. 73 articles were excluded because their title did not
focus on usability testing. The abstract sections of the remaining 80 articles were
evaluated for inclusion criteria. 38 articles were excluded because their abstracts did not
focus on the review questions. A total of 42 articles were included in this review (Figure
3).
Initial search includes: electronic version of
PubMed, CINAHL, Google Scholar, Web
of Science, IEEE and Reference list.

Total Retrieved (n= 147)
16 Articles were added
from reference list

Total Retrieved (n= 163)
Articles excluded because
their title did not focus on
usability testing (n= 73)

Articles excluded after
review of abstracts or full
articles (n= 48)

Total studies included (n= 42)

Figure 3: Usability literature search
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In the analyses, common usability attributes, usability factors, and common
usability techniques and methodologies were explored. The review was conducted to
answer three main questions: 1) What common attributes are considered when
determining usability of self-management applications? 2) What common factors of
usability are considered when testing usability of self-management applications? 3) What
common techniques and methods are used when testing the usability of self-management
applications?
Results
Common Usability Attributes Used in Self-Management Applications
The concept of usability has been used for decades in different fields such as
science, engineering, architecture and technology (Subltz & Hand, 2015). However, the
definition and the attributes of usability are continuously evolving and researchers are
continually adding more attributes to the concept of usability. As a result of reviewing 42
usability studies, more than 25 attributes were identified. Examples of these attributes
are: satisfaction, simplicity, ease of navigation, ease of use, comfort level, learnability,
complexity, organization, interface, functionality, and overall satisfaction (Fairman,
2013). In this review, common attributes and those relevant to this study will be
evaluated in depth.
Efficacy
Harrison, Flood and Duce (2013) defined efficacy as the user’s ability to achieve
tasks with speed and accuracy. It also refers to how much effort and resources the user
must expend in order to achieve a desired objective. It can be measured by calculating the
required time to perform a specific task. For example, Waite et al, (2013) looked at the
22

efficacy of three different mobile apps by setting up three data entry tasks and then
measuring how many minutes it took each user to perform the tasks with minimal errors.
As a result of examining this attribute, they were able to find that users took more time
and committed more errors while completing the tasks in one of the apps. Further
investigation revealed that users were forced to navigate through different screens in
order to log blood glucose levels, which required more time and offered greater risk of
making mistakes.
Effectiveness
Effectiveness is defined as the user’s ability to achieve a task in a specified
context (Harrison, Flood & Duce, 2013). This attribute also relates to the degree to which
user objectives are successfully achieved. Technological applications need to be able to
complete tasks with a 100% success rate. Time consuming tasks and functional problems
in technological applications cost researchers time and money and eventually results in
application failure. For example, Waite and colleagues (2013) tested the usability of a
DM app using effectiveness as an attribute. Users were asked to perform set tasks and
then rate their success on a scale of 0-100%. Scores ranged from 83% to a 100% which
was an indication of the effectiveness of the application.
Intuition
This attribute relates to the degree to which users are able to understand features,
options, and other aspects of the application right away. Teenagers, adults, middle aged
adults, and older adults all have different perceptions of and experiences with
technological applications. It might be easy for one person to use a specific technological
tool but at the same time it might be difficult for another person to use the same
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application. Therefore, it is important to consider the targeted population that the
application will be designed for. Ben-Zeev et al (2013) described the development and
the usability testing of their self-management application. They considered “intuition”
and “easy to navigate” to be important aspects of the app. As a result of their usability
testing they were able to conclude that it was necessary to enhance the app by fixing
some issues (e.g., more visual aids, and larger buttons) that were reported by the users.
Accuracy
This attribute refers to the quality of the application, or how correct and precise
the application is. It also refers to quality and credibility. This is a vital aspect of a
technological application, and specifically in healthcare there is no room for error.
Breakey et al., (2013) explored the usability of a bilingual (English and French) internet–
based self-management program. In their study they used the terms “quality” and
“credibility” to assess the participants’ perceptions of accuracy and trustworthiness of the
website. Participants determined that the website had very good quality and they would
rank it among the top applications when it comes to self-management interventions.
Satisfaction
Satisfaction is defined as the perceived level of comfort, and pleasantness
experienced by a user when using a technological application (Harrison, Flood, & Duce,
2013). It can be assessed in general or more specifically by tasks or aspects. Assessing
user satisfaction helps ensure that the technology application is well accepted by users. It
is an important attribute to determine satisfaction with the application interface, content,
features, functionality and sociability (Breakey et al., 2013). Questionnaires such as SUS
and other qualitative techniques are widely used to assess satisfaction with a specific
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technological application. Fairman (2013) conducted a usability study to evaluate
potential strengths and weaknesses, and identify additional features of a self-management
application. Fairman (2013) used satisfaction as a usability attribute to identify users’
overall satisfaction with the application. Fairman concluded that users were very satisfied
with the application and they indicated positive feedback, such as “I love it,” “I like it,”
and “It works great.” Helge et al., (2012) conducted a study to examine the usability of a
mobile application to support self-management for patients with DM. Helge and
colleagues used the SUS to determine overall satisfaction with the application. Most of
the users reported a positive experience with a mean score of 81.
Simplicity
Simplicity is a usability attribute that is achieved when every user can easily
understand and use a technological application regardless of literacy level, experience, or
concentration level (Brace, 2002). User friendly applications are usually free from errors,
obstacles and problems. In testing usability, it is important to determine how many
obstructions, errors, or problems the user experiences when using an application to
determine the simplicity of the application. For example, Waite et al. (2013) used
simplicity as a usability attribute to determine the mean number of errors per set of tasks
that were given to the users to perform on three apps. Researchers were able to determine
that two of the apps met the simplicity definition because users had a low number of
errors when completing the assigned tasks compared to the third app.
General Comments or Feedback
This is one of the most common attributes used in usability studies. When
assessing the usability of any technological application, it is necessary to obtain feedback

25

and general comments from the end users. General feedback and comments help
researchers and designers in building more robust applications, determining application
weaknesses, and determining desired improvement or development options (Ben-Zeev et
al., 2013; Breakey et al., 2013; Brown et al., 2015 & Fairman, 2013).
Making it Part of Your Routine
Especially for self-management technological applications, it is important to
determine if the application would become a part of the user’s daily routine. Tabak et al.
(2014) developed a program to support self-management which consists of four
interventions: 1) web-based system to support exercise, 2) telehealth activity coach for
ambulant activity, 3) web portal for self-management to treat disease exacerbation, and 4)
tele consultations model for comments and questions. Tabak and colleagues found that
users were very satisfied with this intervention and were using it as part of their daily
routines for the entire duration of the study, which was 9 months.
Comprehensibility
This attribute refers to whether or not users are able to understand the language,
technical terms, and symbols used in a technological application. It is important for users
to be able to understand all aspects of an application without having to get further support
and explanation from experts every time they use an application. Arnhold et al. (2014)
performed a systematic review to examine usability in large numbers of technological
applications. They reported that comprehensibility is one of the common usability
attributes and developers used it to determine whether the tools are simple in terms of
comprehensibility, self-explanatory in terms of menus and structures, and understandable
in semantics.
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Presentation
This term refers to a technological application’s pictures and text. Common issues
are color, text font size, and image display. In usability testing it is vital to determine
whether the text, color, font size and image display is appropriate for the user. Or and Da
(2012) tested the usability of a computer-based self-management system using
presentation as one of the usability attributes. They were able to find that graphical
presentation can be especially difficult for older users to read or comprehend. Therefore,
necessary changes were recommended in the updated version.
User Performance
This attribute refers to characteristics pertaining to the use of the application. It
refers to 1) how easy it is for the user to navigate through the application, 2) how easy the
application is to learn, and 3) the frequency of errors occurring during the use of the
application. Stinson et al. (2010) used user performance as an attribute of usability in
their study to determine how easily the users would navigate through their application,
how easily the users will learn their application and the frequency of errors users will
make when they use the application. They were able to find that users were able to
navigate through the application with little to no guidance. Additionally, they were able
to find that users were making three common errors while using the application.
Common Usability Factors n Self-management Usability Studies
As a result of this review, three main usability factors were identified: task, user,
and context of use. Each of the aforementioned factors has an impact on any new
designed application and particularly will affect how the user will interact with the
application.
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Task
This factor refers to the goal the user is trying to achieve by using a technology
application (Harrison, Flood & Duce, 2013). Nielson (1998) stated that the task is a
critical factor to consider in usability evaluation. Based on an application’s components
and features, users will be able to accomplish intended tasks. Additionally, users’ ability
to perform more tasks and achieve more goals depends on the features the application
has. Therefore, developers add features based on the intended goal of the intervention.
Sometimes applications have too many features which could add greater complexity to
the usability of the application. Therefore, the user’s original goals can become difficult
to accomplish. For example, self-management applications for Diabetes Mellitus have
options to log blood glucose levels, activities, and diet. If a user wants to log their
consumed calories, they have to calculate how many calories are on their plate and log
them in the system. If they do not know how many calories are on their plate, they have
to take a picture of their plate and send it to the provider. It will take many steps and
make the process more complicated, which will make usability more complicated.
User
This is another important factor which refers to the end user of the application
(Harrison, Flood and Duce, 2013). It is critical to consider the end user when developing
a technological application. Some of the applications are designed for phones, tablets or
computers. Every one of these technological approaches requires a set of features and
specific design that will fit the end users needs and expectations. For example, for mobile
applications, it is necessary to consider the user preference in terms of keypad, mouse and
other features.
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User age is another aspect in terms of considering the user factor in usability.
Older users tend to like more light phones, or tablets. They like content with larger font
sizes. Younger populations tend to like applications with audio and visual features, as
well as more colorful text.
Context of Use
According to Harrison, Flood and Duce, (2013) context of use refers to the
environment in which the user will be using the technology application. Before using
any usability design or evaluating any technological application, it is necessary to
understand the context of use, the intended users and the intended tasks (Maguire, 2001).
Developers should consider the intended population and their characteristics, as well as
their physical and social or organizational environments (Maguire, 2001). For example,
interventions designed for older populations should be less complicated and have easy to
use features that can best suit users.
Existing usability models such as Nielsen (1994) and ISO (1997) also emphasize
the importance of the aforementioned factors and consider them as necessary in any
usability evaluation.
Common Usability Approaches and Techniques in Self-Management Studies
This reviews shows that there are many ways to evaluate usability of mobile
applications. The literature regarding approaches and techniques of usability is broad
since it is a combination of science, engineering and technology. Therefore, it was
important to focus on common approaches to usability and common techniques for
collecting usability data. An overview of the common usability techniques and
approaches will be discussed in the next section.
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Cognitive Walkthrough
Cognitive walkthrough is a common approach to usability. One or more usability
experts walk through a set of the most typical user tasks supported by the technology
application, one-step-at-a-time. At each step in the evaluation procedure, the evaluator
will asks him/herself a set of questions about the expectations of users’ behaviors (e.g.,
will the user notice that the correct action is available?) (Wharton et al., 1994). The
Healthcare Information and Management System Society (HIMSS) (2012) developed an
app for DM patients to aid them with their disease management. As a part of their
usability testing, they used cognitive walkthroughs (CW) with patients and their families
to better understand the needs, behaviors and expectations of target users. Kaufman et al.
(2003) used the cognitive walkthrough in their usability testing to evaluate computerbased health care systems designed for patient use in their homes. They used CW to
evaluate the cognitive process of users performing tasks. The specific aim of using CW
was to determine whether the users’ background knowledge and the cues generated by
the interface are likely to be sufficient to produce the correct goal or action required to
perform an action.
Heuristic Evaluation
This approach is an inspection method where the usability expert examines the
application interface by evaluating each individual element, such as links or buttons, and
comparing these with a list of widely approved and shared design principles such as the
Nielsen (1998) checklist (Gamberini & Valentini, 2001). This approach can be used in
evaluating usability at any time during the application development cycle, but it is best
recommended to the earlier stages of development (Instone, 1997). This approach is

30

recommended for testing the operation of an application even with completely
inexperienced users (Gamberini and Valentini, 2001). Schnall et al, (2015) used the
Heuristic evaluation to evaluate the usability of a self-management tool for persons living
with HIV. The evaluation was specific to the prototype and functionality by using
informaticians with experience in interface design. As a result of the Heuristic
evaluation, developers made a few changes to the design in accordance with the
recommendation.
Questionnaires
It is common for experts to use a set of questionnaires to obtain data on desires,
opinions and expectations of potential users of the application. These are made up of a
list of questions created and formulated according to what the team of designers
considers to be useful in developing the application (Gamberini and Valentini, 2001).
Examples of popular usability questionnaires are System Usability Scale SUS (Brooke,
1996), and Computer System Usability Questionnaire CSUQ (Lewis, 1995).
Interviews and Focus Groups
This technique refers to structured, semi-structured, or cognitive interviews.
During interviews the researcher will ask users several questions regarding evaluating an
application. The evaluator will ask potential users to express their opinions to gain
feedback, obtain suggestions, or improve the existing application. Brown et al., (2013)
used the semi-structured interview to collect qualitative data from users to evaluate an
application’s usability. The participants were asked to express their opinions about the
application. The interviews were focused on five domains: scenario believability,
appropriateness, transparency, potential impact, and improving clinical communication.
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They were able to conclude that the application is believable, clinically appropriate, and
helpful in supporting patients.
Think Aloud Technique
This is one of the most common usability techniques and is used to collect rich
qualitative data about end user cognitive processes during an evaluation of interface
design. In this technique, users speak or think aloud about what they are doing when
interacting with a technological application. In this technique the usability evaluators are
responsible for encouraging the participants to continue think aloud and motivate them to
describe what happening, difficulties, or reasons for certain actions (Gamberini and
Valentini, 2001). Fairman (2013) used this technique to encourage users to think aloud
and verbalize their thoughts as they interact with the system and attempt to complete the
designated task.
Observations
This term refers to a systematic data collection approach. In this technique, a
researcher uses all their senses to examine people in natural settings or naturally
occurring situations. Fairman (2013) used this technique in testing the usability of their
self-management app among Spina Bifida patients. They used this technique to observe
the amount of time needed for task completion in using the app and to note if time
requirements gradually decrease, stay the same, or fluctuate. It was also used to observe
the number of errors performed by the individual as directly observed by investigators.
Other common usability techniques such as: usability rating, verba probes,
hermeneutical, step-wise manner, and field note will be described briefly in table 2.
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Table 2: Common usability techniques
Usability Techniques
Usability Rating
Verbal Probes
Hermeneutical Circle

Observation

Step-wise Manner
Field Note

Definition
Using a survey consisting of multiple questions covering
multiple usability domains.
A technique referring to digging deeper into further
information in the questions.
An iterative process of implementing a design, learning,
and understanding from discussion and feedback, and
making subsequent design refinements (Snodgrass and
Coyne (19)
This term refers to a systematic data collection approach.
In this technique, a researcher uses all their senses to
examine people in natural settings or naturally occurring
situations.
This is a technique to identify themes related to usability
of a technological application.
This technique refers to qualitative notes recorded by
researchers during or after their observation of a specific
phenomenon they are studying.

Summary of the Usability Literature Review
The range and availability of technological applications in healthcare is expanding
rapidly. High demand for highly effective, user friendly applications forces researchers to
look deeper into the factors and attributes that affect the usability of technological
applications. This review has discussed 18 common attributes that have been repeatedly
used in testing usability. Additionally, this review identified three important factors that
are necessary to consider when developing an application and has highlighted the most
common methodologies and techniques that have been used in testing usability. Good
usability testing is not attained over one day or one night. It requires extensive research
and iterative approaches of constant testing and refining in order to get the best usability
results. Good usability results depend on whether your application is easy to use,
effective, clear, available, learnable, credible and relevant to users who actually use it.

33

Self-management and Tablet-Based Applications Use among Patients with DM
Introduction and Background
By 2020, 50% of Americans will be living with at least one chronic illness (Udlis,
2011). Eighty-six percent of all US healthcare spending in 2010 was for people with one
or more chronic medical condition (CDC, 2010; Kanny et al., 2010). Therefore, the use
of self-management interventions to shift healthcare responsibility to people with chronic
illness has become the focus of many researchers to reduce healthcare costs and improve
disease outcomes. The important goal of disease self-management is to improve selfefficacy of self-management, health status, health behaviors, utilization of the healthcare
system and improve the quality of life (Archer et al, 2014). Physical limitations,
transportation, family support and lack of ongoing support (Pal, Eastwood, Michie,
Farmer, Barnard, & Peacock, 2014) are the main factors of hindering disease selfmanagement among people with chronic illnesses. Self-management is an important
component of treatment and care for patients with chronic diseases, and there is an
increasing demand for interventions that support and enhance self-management (Nes et
al, 2012).
Ineffective self-management may lead to exacerbation of disease symptoms and
hospitalization for up to 30% of adults annually (Spector et al, 2012). Of those
individuals who are hospitalized, more than 25% are discharged from the hospital only to
be re-hospitalized for the same problem within 30 days (Technologies, 2012).
Developing strategies to improve adults’ abilities to self-manage their conditions and
maintain functional ability is important for helping these individuals avoid hospitalization,
reduce healthcare costs, improve outcomes, and live active lives in the community.
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To obtain optimal self-management behaviors, researchers tend to focus on more
promising methods to support self-management skills. Some of these methods are: selfmanagement education sessions in clinical settings, face-to-face self-management
education sessions in community settings, and self-management programs through
technological approaches (e.g. mobile health, telehealth, computer-based programs,
tablet-based programs, and interactive voice response (IVR)).
Due to the variety of technological approaches for supporting self-management,
it is critical to find cost effective, sustainable and promising technologies. Furthermore, if
the self-management technology interventions are designed and implemented carefully, if
will be more cost effective and the outcome will be more efficient than traditional
methods.
Technological interventions to support self-management focus on engaging the
patient in their care process by encouraging behaviors such as medication reminders,
exercise, monitoring symptoms, dietary change, weight control, and alcohol and smoking
restrictions (Bashi et al., 2016; Kim et al., 2016). New technological advances can
improve self-management by encouraging patients to participate in practices and routines
related to their illness and provide educational and motivational support for day-to-day
diabetes management (Hunt, Sanderson, & Ellison, 2014).
Self-management has been studied in multiple contexts, cultures and from
different perspectives across multiple times. It first appeared in the literature in the mid1960s to highlight the importance of individuals’ participation in the care process. It also
has been explored in many chronic illnesses such as DM (Carter, Nunlee-Bland, &
Callender, 2012), COPD (Tabak et al, 2014), and Asthma (Mammen & Rhee, 2012), as
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well as many other chronic conditions. Researchers have also examined self-management
from the perspective of specific populations, such as older adults with DM type II
(Arsand, Tatara, Ostengen, & Harvigsen, 2010) and adolescents with asthma (Mammen
& Rhee, 2012).
Self-management is a comprehensive approach by individuals toward improved
disease outcomes (Alkhawaldeh, Jacelon & Choi, in review). The self-management
comprehensive approach consists of a set of behaviors and actions individuals take to
improve their condition outcomes. These behaviors and actions include, but are not
limited to: monitoring health status, taking medication, making lifestyle changes, taking
preventative actions, setting goals and strategies, and monitoring health related data (e.g.
exercise, diet, blood pressure, weight, etc.). Due to the large impact of chronic illnesses
on health status, health behaviors, self-efficacy, and health care expenditures, there is a
growing interest in chronic illnesses self-management programs. These programs may
vary in design and application, based on the needs of patients and organizations. Given
that patients provide the majority of their own disease care, patient self-management
programs based on technology has increasingly become recognized as an important
strategy with which to improve quality of care. Therefore, self-management of chronic
illnesses is necessary and involves controlling the multiple risk factors that lead to
complications.
The National Institute of Health’s Behavioral Research and Diabetes
Conference acknowledged that effective information technology is an integral component
of successful diabetes self-management (Glasgow et al, 2011). Several systematic
reviews have examined the impact of technological self-management interventions on
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glycemic control, cardiac risk factors, and psychological outcomes. These reviews have
demonstrated positive effects on knowledge (Norris et al, 2005), self-reported dietary
habits (Norris et al, 2005), quality of life (Steed, Cooke, & Newman, 2003), and glycemic
control (Yu et al, 2012).
The American Association of Clinical Endocrinologists (2000) emphasizes the
importance of patients becoming active and knowledgeable participants in their
care. Self-management is an important component of treatment and care for patients with
chronic illnesses, and there is an increasing demand for interventions that support and
enhance self-management (Nes et al, 2012). New technological advances can improve
self-management by encouraging patients to participate in practices and routines related
to their illness and provide educational and motivational support for day-to-day disease
management (Hunt, Sanderson, & Ellison, 2014). The purpose of this review is to: 1)
Explore the common technological application used to support self-management among
patients with chronic illness, 2) Identify the common assessed measures of selfmanagement technological applications, and 3) explore the effectiveness of using a tablet
based computer self-management application.
Method
A literature review has been conducted on studies published between 2000 and
2015 that focus on technological applications and self-management among patients with
DMII. The electronic versions of PubMed, CINAHL, Google Scholar, and Web of
Science were searched. Reference lists of systematic reviews and meta-analysis studies
were searched for additional relevant articles. The search was specific to literature
published in English in a peer-reviewed journal. Self-management, technology, older
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people and integrative review were key words for the search. Combined, these four
electronic searches resulted in 263 articles. 19 articles were added from reference lists of
the initial search.
Primary inclusion criteria for retrieved articles that described self-management
technology interventions to support self-management included: technology intervention
(e.g. m-health, telehealth, computer-based applications, web-based applications, Tabletbased applications, and interactive voice response), self-management, chronic condition,
articles published in English, articles are peer-reviewed, and articles have both genders.
Exclusion criteria were as the follows: articles that included interventions that were not
technological interventions, and protocol studies. 161 articles were excluded because
their title did not focus on self-management technology intervention. The abstracts of the
remaining 121 articles were evaluated for inclusion criteria. 85 articles were excluded
because their abstracts did not focus on the main review questions. A total of 36 articles
were included in this review (Figure 4).
To analyze the data from the review, common technological applications were
used to support self-management, common assessed measures of self-management
technological interventions, and results, feedback and effectiveness of the selfmanagement technological intervention on patient’s conditions were explored. The
review was conducted to answer three questions: 1) What are the common technological
applications were used in supporting self-management among patients with chronic
illness such as DMII, 2) What are the common assessed measures were used to evaluate
the self-management technological interventions, and 3) What are the results, feedback
and effectiveness of the self-management technological interventions?
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Initial search includes: electronic version of
PubMed, CINAHL, Google Scholar, Web
of Science and Reference list.

Total Retrieved (n= 263)

19 Articles were added
from reference list

Total Retrieved (n= 282)
Articles excluded because
their title did not focus on
usability testing (n= 161)

Articles excluded after
review of abstracts or full
articles (n= 85)

Total studies included (n= 36)

Figure 4: Self-management Literature Search
Results
Common Technological interventions to Support Self-management
Across the 36 studies that were included in this review, it was necessary to review
the most common technological interventions that were typically introduced by
researchers to support self-management. The common technological applications that
were included in this review are categorized as follows: Mobile Health (e.g., tablets,
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mobile apps), Telehealth, Online Self-Management Education and Training (SME/T),
Interactive Response Voice (IRV), and Interactive Behavior Change Technology (IBCT).
Mobile Health
M-health is defined as the use of mobile and wireless devices to deliver healthcare
services via mobile communication to improve outcomes, healthcare services and health
research (Rouse, 2016). Mobile phones, mobile apps, tablet devices and communication
devises are considered to fall under the m-health category. These forms of m-health have
been used for self-management, disease surveillance, treatment support, and epidemic
outbreak tracking. For example, Faridi et al (2008) used mobile-health where participants
received a daily message through the phone to promote and enhance diabetic self-care
behaviors. Another example of mobile health use was reported by Hunt and her
colleagues (2014), who used a tablet application to support self-management among DM
patients and looked at whether the application increased self-efficacy for selfmanagement and improved diabetes outcomes. The use of this technology application had
a positive impact on users; participants in the intervention group reported a higher level
of self-efficacy than people under traditional care (Hunt et al., 2014).
Telehealth
According to the National Telehealth Resource Center (2011), Telehealth is
defined as a collection of telecommunication technologies and electronic information to
enhance and support patient surveillance, long distance clinical healthcare, public health,
health administration, and patient health education. Telehealth technologies include
technologies such as video conferencing, streaming media, internet, receive-store-and–
forward imaging, streaming media and wireless communications (US Department of
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Health and Human Service, 2012). Telehealth has been widely used and tested by many
researchers in different fields. For example, Carter, Nunlee- Bland and Callender (2011)
used a Telehealth intervention which included a patient portal and bi-weekly video
conference with a Telehealth nurse to support self-management. Another example of
Telehealth use was reported by Pratt and his colleagues (2013), who connected an
electronic device to a home telephone line and programmed it with medical information
and questions specific to users’ health conditions. This intervention had a positive
impact; participants in this intervention reported a positive improvement in self-efficacy
of self-management, blood sugar levels, understanding of their medical conditions and
reduced number of visits to urgent care centers (Pratt et al., 2013).
Online Self-Management Education and Training (SME/T)
Online SME/T is defined as the comprehensive process of supporting and
facilitating the skills, knowledge and ability necessary for disease self-management
through an online training program (Funnell et al, 2009). For example, Brennan et al
(2010) used a web site to provide patients with online self-management training,
education and social interaction to support their health behaviors. Another example was
reported by Tabak and colleagues (2014), who used a four model program to deliver
training, education and necessary consultations regarding self-management. High
satisfaction level and highly use of the two applications were reported in both of the
studies (Tabak et al., 2014).
Interactive Response Voice (IRV)
IRV is defined as a technology that allows a computer to interact with humans
through the use of voice and allows users to respond in the form of email, fax, voice,
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callback, and other media. For example, Austin, Landis and Hanger (2012) used this
technological approach to deliver messages on a daily basis and allow patients to respond
to these messages via email, call back, or another method such as texting or emailing.
Patients who participated in the study reported greater than 50% reduction in the 30 day
hospital readmission rate (Austin et al., 2012).
Interactive Behavioral Change Technology (IBCT)
IBCT is one of the technological approaches used to support self-management
and improve the effectiveness of disease management. It includes several technological
approaches such as patient centered websites, DVD, PDAs, automated cell phones, tablet
based programs, and touch screen kiosks (Fitzener & Moss, 2015).
All of the aforementioned Self-management technological interventions share
similar goals of improving quality of life, supporting informed decision making,
improving communication with care providers, promoting active collaboration with care
teams, encouraging self-care behaviors, problem solving, improving health status, and
improving clinical outcomes (Funnell et al, 2009). Austin, Landis and Hanger (2012)
used an interactive response voice system to deliver messages on a daily basis via an
Mp3 player to patients which included basic information about medication adherence and
other self-management instructions. More than 50% of hospital readmissions were
reduced among the participants in this intervention (Austin, Landis, and Hanger, 2012).
Feedback and more detailed information regarding the effectiveness of these
technology applications on DM outcomes will be discussed in detail later in this paper.

42

Assessed Measures of Technological Self-management Interventions
Self-management is a concept that includes many activities and behaviors
individuals perform as a holistic approach to manage their conditions. It is important to
determine what the most common outcomes were used in evaluating the selfmanagement interventions and whether these outcomes are based on a theoretical
framework. In this review, outcomes from the 36 studies included in this review were
examined. Self-management outcomes varied from study to study. The most common
outcomes that were measured in this review include: HbA1c, BMI, blood pressure
(Carter, Nunlee-Bland and Callender, 2011), blood sugar levels, physical activities, selfefficacy (Faridi et al., 2008), self-management, quality of life (Brennan et al., 2010),
adherence to diet and exercise, health status ( Tabak et al., 2014), hospital re-admission
rate (Arsand et al, 2010), healthcare utilization (Lorig et al., 2001), DM knowledge
(Mcllhenny et al., 2011), and adherence to medications (Pratt et al., 2013).
Most interventions reviewed in this paper focused on the impact of the
interventions on the physical functional domain such as blood glucose level, HbA1c, etc.
It is very important to measure physical functional outcomes, however role function,
social function and psychological function measures are also important. Role function
outcomes such as sense of control, psychological function such as resilience, and social
function outcomes such as dignity and social network were not reported in any of the 36
studies in this review.
Results, Feedback and Effectiveness of M-health Technological Self-Management
Applications
Individuals with diabetes have been shown to make a dramatic impact on the
progression and development of their disease by participating in their own care (UKPDS,
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1998). Self-management is an important component of treatment and care for patients
with DMII, and there is an increasing demand for interventions that support and enhance
self-management (Nes et al, 2012). New technological advances can improve selfmanagement by encouraging patients to participate in practices and routines related to
their illness and provide educational and motivational support for day-to-day Diabetes
management (Hunt, Sanderson, & Ellison, 2014). Providing information that can
instantly offer guidance to patients and can be discussed between patients and physicians,
by using mobile technological applications, would encourage timely interventions and
may improve the management of this disease.
The literature review in this paper revealed that using mobile technological
applications such as computerized tablet application has been reported to have a small to
moderate effect on self-management of chronic disesases. Faridi et al., (2011) used a
mobile health intervention to enhance patients’ ability to self-manage. In this study it was
reported that patients in the intervention group were able to improve their HbA1c, but
without statistical significance compared to the traditional care group. The overall impact
of the intervention indicates that the intervention had a small impact on the clinical
outcome. Austin, Landis and Hanger (2011) used a mobile health application to deliver a
daily instruction (e.g., medication adherence, importance of weighting daily, limitation of
sodium, and the need to call the physician in case of emergency). The intervention
indicated a positive outcome. It was reported that patients in the intervention group were
able to reduce the 30 days hospital re-admission rate by 50% compared to the control
group. The intervention was reported as an effective self-management mobile health
approach to reduce re-admission rates.
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Improved self-efficacy of self-management and quality of life were the most
common outcome measures that researchers were interested in examining after using a
mobile health application. Brennant et al., (2010) used a mobile health application that
focused on providing health information and self-monitoring support. The results from
this study demonstrated that patients in the intervention group have a better quality of life
and self-efficacy of self-management compared to patients in the control group.
34 interventions included in this review, including mobile health (mobile phones,
and tablets), Telehealth, IVR, IBCT, and online self-management training, indicated a
positive impact on disease outcomes. However, some interventions were not successful in
adding positive outcomes. Nguyen et al., (2013) used a mobile intervention focused on
education, skills, training, and coaching to support self-management strategies but no
significant difference in outcomes was found between groups in the intervention and the
control group. Handley, Shumway and Schillinger (2008) used a mobile intervention to
provide patients with education, surveillance, and one-on-one counseling. The result from
this study showed that none of the participant’s characteristics assessed (BMI, blood
pressure, HbA1c, and health status) differed significantly between the intervention and
control groups.
Summary of Technological Use for Self-management Literature Review
A vast number of DM self-management technology approaches exist; however,
the most common types are the following: m-health, Telehealth, IRV, IBCT, and Online
Self-Management Training. To assess the effectiveness of these approaches, several
outcomes were assessed. The most common assessed measures are: HbA1c, selfmanagement, self-efficacy, blood pressure, blood sugar, adherence to medications,
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adherence to diet and exercise, health status, physical activities, and quality of life. The
effectiveness of these technology interventions varied from slight to moderate as
described in the previous section. However, a well designed application with new
features has the ability to provide more promising results in terms of improving quality of
life, supporting informed decision making, improving communication with care
providers, promoting active collaboration with care teams, encouraging self-care
behaviors, problem solving, improving health status, and improving clinical outcomes.
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CHAPTER 3
METHODS
Introduction to Methods
This project collected quantitative and qualitative data to better understand the
usability and the effectiveness of the ASSISTwell application. Various data collection
techniques were used in this study, such as: semi-structured interviews, observations,
field notes, ASSISTwell documentation (e.g., blood glucose log), and quantitative
standardized measures (e.g., SUS scale, and Self-management scale) figure 5. Therefore,
semi-structured interviews and observation were used for the qualitative part of the study
and quasi-experimental design was used for the quantitative part of the study.
Figure 5: Data collection methods

Primary Research

Quantitative Data
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SUS
PDSMS
Demographic
Tablet use
survey

Qualitative Data

ASSISTwell Data
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Blood Glucose
Level

-

Individual
Interviews
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Field Notes

Quasi-experimental is a study design widely used in the nursing and medical
informatics fields to evaluate the benefits of specific interventions. It is often called prepost intervention or nonrandomized design. Quasi-experiments are defined as studies that
aim to evaluate specific interventions but that do not use randomization and demonstrate
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causality between intervention and outcome (Anthony et al., 2006). This design was
deemed appropriate for this study because it does not require randomization, does not
have the time and logistic constraints associated with true experimental designs, and it
can demonstrate the causality between intervention and outcome.
Semi-structured interview is a method of research that is mostly used in social
science and generally has a framework of themes to be explored (Cohen & Crabtree,
2006). This approach was appropriate for this study because it allows the participants to
have freedom to express their views in their own terms and gives the researchers the
opportunities to prepare a set of questions to guide the interview. Additionally, this
method was appropriate because it allows new ideas to be brought up during the
interview.
Observation is defined as a systematic data collection approach which allows
researchers use all of their senses to examine people in their natural settings or naturally
occurring situations (Cohen and Crabtree, 2006). Observation was appropriate in this
study because it will give researchers an in-depth understanding of a situation and/or
setting, and the behavior of the participants in those settings.
Approach for Aim1
Introduction
Aim 1. Determine the usability factors (satisfaction, effectiveness, efficiency,
simplicity and overall experience, how the application fits in patients’ lives as a selfmanagement component, and feedback) of the ASSISTwell application in older adults
with DMII.
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The ASSISTwell application is an interactive computer application designed for
use on a mini tablet computer. It has the capability to collect passive (e.g., blood glucose
level, and blood pressure level) and active (e.g., sense of control, and resilience) data
from the user and peripheral devices (e.g., glucometer with Bluetooth, blood pressure
monitor with Bluetooth, and activity monitor). The application supports several
interactive activities which are based on four domains of self-management derived from
the Maintaining the Balance theoretical model (Jacelon, 2010). These domains are
physical function, psychological function, role function, and social function (Table 3).
Table 3: The ASSISTwell theoretical domains
SM Domain of
Functional Status

SM Sub-domain

Performing ADLs
Managing ADLs
Fostering mobility
Engaging in activities
Monitoring health
Keeping track of medication
Learning to live with it
Maintaining a positive attitude
Finding and creating meaning in
one’s life
Accepting losses
Planning for the future
Sustaining independence
Exercising control
Engaging in social situations
Negotiating family roles

Activity
Physical Function
Health

Psychological Function

Attitude

Role Function

Autonomy

Social Function

Relationships

SM Sub-domain Categories

For example, the ASSISTwell application reminds the user to check their blood
sugar and then automatically stores that data via Bluetooth connection to the glucometer
so the user can evaluate trends over time. It also has the ability to automatically collect
data about the individual’s physical activity via Bluetooth connection to a Fitbit device
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and store that data for evaluation. One feature asks the user, “How well did you manage
today?” This will give data of how well the user believes he/she is managing over time
and this information can be compared to other physiological and social data.
To accomplish the aim 1 we conducted four weekly in-depth interviews and two
observation sessions with users during the 30 days of application use. Additionally,
satisfaction was measured using the System Usability Scale (SUS) (Brooke, 1996) and
the data was collected every week for four weeks. The data from the interview and
observations was analyzed and assessed for the aforementioned usability factors.
Common themes and feedback from users informed further application development and
improvement. The rationale for this aim is that successful completion of this research
provides new knowledge about ASSISTwell from the users’ points of view, which will be
invaluable to future development and improvement of the ASSISTwell application.
Research Design
This aim was accomplished by using a qualitative usability testing approach with
semi-structured interviews and observation. This method is appropriate for answering the
following research questions: 1) what is the participant’s overall experience of using
ASSISTwell for four weeks? 2) How does the ASSISTwell application fit in the selfmanagement routine of older adults with DMII? 3) What features, changes, or key
information would the users like to have added or removed to/from the ASSISTwell
application?
The interviews were guided by questions prepared by the study PI. These
questions focused on three main domains: the overall experience of using the application,
how the application fits into people's routines, and feedback/comments or suggestions.
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The questions guiding the interview were embedded from validated usability scales and
informed by previous qualitative studies (Table 4). More details about this measure will
be explained in the measures section. Additionally, observation was used to answer the
following research questions: 1) what is the percentage of successfully completing a set
of tasks in the first and last week of using the ASSISTwell application (Effectiveness)?
2) How quickly did users complete assigned tasks in the first and last week of using the
ASSISTwell application (Efficiency)? 3) How many errors do users make? How serious
are the errors? How easy is it for users to recover from the errors (Errors or Simplicity)?
Table 4: Semi-structured interview questions
Semi-structured Interview Questions
Tell me how you would use this app?
In what way was the app easy to use?
Do you think you would want the support
How were the various functions in this app
of a technical person to be able to use this
integrated?
app? Why or why not?
Did you find inconsistencies in this app?
What about this app would make it easy to
Why or why not?
learn to use?
In what ways could users find this app
How does this app make you feel
cumbersome?
confident?
What kinds of things would you need to
What are your reasons for using this app?
learn before you could comfortably use this
app?
What are the challenges you faced using
How did this app address your problems?
this app?
What are the advantages and disadvantages In what ways do you think this technology
of using this app?
would be helpful?
What improvements should be made?
Tell me what makes this technology
important to you?
What would make this app easier to use?
How quickly are you able to complete your
work using this app?
Explain how using this app affected your
Describe some of the error messages you
productivity?
received while using this app, if any, and
whether or not it was easy to follow the
directions given to complete the task?
Tell me how you feel about the page
Explain what you like about the system.
design.
Open to comments/suggestions
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The observation method is appropriate for determining the usability factors
(effectiveness, efficiency, and errors or simplicity) for the ASSISTwell application
among DMII patients. The interviews were conducted weekly by the study PI and RA.
This method is best suited to determine the usability factors across multiple time points.
The observations were led by the PI and RA for two iterative cycles (during the
first and last week of the 30 day application use) to determine the usability (efficiency,
effectiveness, simplicity, or errors) of the user interface and content areas of the
application. Observations were guided by a set of tasks which the user was asked to
perform while the RA evaluated the performance of each task (Table 5).
Table 5: Observation tasks
Task #
1
2
3
4
5
6

Task Description
Log blood glucose level to 140 mg/dl
Log weight
Log daily activity
Complete the dignity scale
Add new event to weekly schedule (add new medication
“Tylenol 250 mg/three times a day)
Add new patient (John Smith) and set up a the following:
- Blood glucose level before breakfast
- Blood glucose level at bedtime
- Activity level evening
- Add medication (Metformin 500 mg orally twice a day.
- Sense of control before bedtime

Study Sample and Setting
The study sample was recruited from the Amherst Senior Center in Amherst, MA
which undertakes a variety of health services related to older people's self-management.
For example, the center provides blood glucose testing, blood pressure monitoring,
medication information, weight monitoring, nutrition information and other health
services to older adults from diverse demographic and socio-economic backgrounds. The
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center is very supportive in terms of diabetes research, clinical care, education and health
and wellness on a global scale.
Inclusion and Exclusion Criteria
Inclusion criteria included participants who: 1) are 18 or older , 2) have a
diagnosis of Type II Diabetes, 3) are able to read English, and 4) are able to use a tablet
computer after participating in a training session. Participants who have chronic
psychotic disorders, delirium, dementia, or any other issue that could deteriorate
cognitive ability were excluded.
To determine that potential subjects had sufficient cognitive skills to participate,
the study was explained using English at the 4th grade level, and then questions were
asked to verify comprehension. If the participant’s ability to participate was in doubt, the
Mini-Cog (Borson, 2003) instrument was used to determine understanding and cognitive
ability.
Sample Size
A total sample size of 12 participants was needed, with a goal of 4 interviews for
each participant during the 30-day period of ASSISTwell use. Kaufman et al., (2003)
reported that usability testing produces informative results with small sample sizes.
Nielsen’s (2003) suggests that 80% of usability problems can be identified with four or
five subjects and 95 % of usability issues can be identified by 9 subjects. In this study,
there were 12 participants, which exceeds the sufficient number.
Measure
First, participant interviews were guided by a set of questions (Table 4) developed
by the study PI. The questions were embedded from the validated System Usability Scale
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(SUS) (Brooke, 1996), Computer System Usability Questionnaire (CSUQ) (Lewis,
1995), and have been used in previous qualitative studies (Breakey et al., 2013; Waite et
al., 2013). Questions from the Participants Usability Interview form covered three main
domains: 1) the overall experience of using the application, 2) how the application fits in
people's routines, and 3) general feedback/comments/suggestions about the application.
Second, participant observation sessions were also guided by a set of questions
(Appendix C) that was developed by the study PI and used in another recent usability
study (Waite et al., 2013). Questions from The Participants Usability Observations
covered three main domains: 1) effectiveness, 2) efficiency and 3) errors or simplicity.
Third, two surveys, titled Demographic Information and the Use of Tablet–Based
Computer at Home, were developed by the study PI (refer to table 6). The demographic
questions were embedded from the NIH form (2016), and the Use of Tablet-Based
Computer at Home was based on questions that were used in recent usability studies
(Stinson et al., 2010). The demographic form comprised the following variables: age,
gender, race, and ethnicity. Tablet-based computer information consisted of the following
variables: whether the participants use the tablet at home and work, the number of hours
spent on the tablet per day, and how comfortable participants feel using the tablet.
Procedure
Prior to using human subjects, IRB approval was obtained by the University of
Massachusetts. Following IRB approval, potential subjects were invited to participate in
the study and informed consent was obtained prior to study initiation. Figure 6 will
highlight activities and timeline of the usability testing.
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Table 6: Demographics and tablet use
STUDY NAME:
Patient’s First Name: _________________ Patient’s Last Name: __________________
Patient’s Date of Birth: __ __/__ __/__ __ __ __ Patient’s Identification Number: __ __
Today’s Date: __ __/__ __/__ __ __ __
1. Gender: 󠄅 Female 󠄅 Male
2. Date of Birth: ___/___/___
3. Race (“X” those with which you identify):
 American Indian or Alaska Native
 Asian
 Black or African-American
 Native Hawaiian or Other Pacific Islander
 White
 More than one race
Unknown or not reported
4. Ethnicity (“X” ONLY one with which you MOST CLOSELY identify):
 Hispanic or Latino
 Not Hispanic or Latino
 Unknown or not reported
Tablet Use Survey

0.
1.
2.
3.

1. Computer-based system at home (smart phone, tablet, computer):  No  Yes
2. Computer-based system at work (smart phone, tablet, computer):  No  Yes
3. Hours spent on computer-based systems (smart phone, tablet, computer) each
day: _________
4. Comfort level with computer:
Not at all comfortable
A little comfortable
Comfortable
Very comfortable
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Figure 6: Activities and Timeline of Usability Testing
Two types of recruitment were used: 1) in-person senior center and 2) flyers.
Patients were approached while at the senior center and given information about the
study. The study RA provided the patient with a purpose of the study, qualifications for
eligibility, time commitment, study procedures and contact information for both the study
PI and IRB office. Potential participants were encouraged to ask any questions related to
the study prior to signing the consent. When the subject agreed, consent was obtained and
an appointment was made for pre-assessment evaluation and ASSISTwell training.
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Flyers with information about the study were posted on communication boards in
approved areas of the Amherst Senior Center (Appendix A). Study staff contact
information was provided in the flyers. Similar to the procedure for center recruitment,
when contacted by a potential participant, the purpose of the study, qualifications for
eligibility, time commitment, study procedures, as well as contact information for the
study PI and IRB office were discussed over the phone. When the subject agreed to
participate, an appointment was made for baseline data collection and ASSISTwell
training.
Participants who agreed to participate in the study and signed a consent form
received a mini-tablet that contained the ASSISTwell application, training on how to use
the application, and an instruction package (Appendix B), which contained instructions
and information on how to use the application, what to do on a daily and weekly basis,
what to do when experiencing technical issues, and PI and RA contact information.
Following training, subjects were asked to use the ASSISTwell application for at least 30
days. Participants were interviewed weekly by the study PI and RA for approximately 60
minutes. During the interview the PI asked questions specifically related to the usability
domains (refer to measure section). The RA was assigned to take notes during the
interview. At the end of the last interview, participants were asked to complete
demographic and tablet use surveys. Data from the ASSISTwell application,
demographic and tabled based surveys was entered into a Redcap database built
specifically for this project. Participant interviews took place in locations agreed on by
the study PI and the participants.
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Observation data was obtained at the first and last interview with each participant
during the 30 days of application use. Participants were given eight tasks to complete
(Table 5). During the observation, participants were encouraged to think aloud as they
navigated through the ASSISTwell application. The PI and RA observed the participants
perform the given tasks and filled out the Participants Usability Observation Form
(Appendix C). Data from the observation forms was entered into the Redcap database.
Data from the Redcap database was downloaded to CSV for qualitative and statistical
analysis.
Data Management
All interviews were transcribed by an experienced research transcriptionist, and
sent in Word format electronically to the PI. The Word documents were uploaded to
ATLAS.ti software for qualitative analysis. Data from observation, demographics, and
tablets used was recorded by an RA on CRFs. Data from CRFs was entered into the
Redcap database. Data from the ASSISTwell application was downloaded weekly from
participants' tablet devices and uploaded to the Redcap database. The Redcap database
was hosted on a secure internal server by the University of Massachusetts.
Computers used for data storage and analysis were password protected and
encrypted according to the University of Massachusetts policy. All data was de-identified
and codes were used for each subject. Special codes were stored in a separate secure file.
Data was available only to the research members, and no identified data was shared with
others.
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Data Analysis
Data was analyzed using simple qualitative content analysis, as outlined by
Sandelowski (2000). Data was read line by line and codes were developed to describe the
data thematically.
To enhance the trustworthiness of data during the collection process, data was
collected from multiple data sources (observation, interviews, documentations from the
tablets), multiple interviews for everyone, and prolonged engagement. Steps to enhance
the trustworthiness of the data analysis were as follows: evaluating the fit of the themes
to data, multiple researcher reviews, maintaining an audit process, and consulting with
expert researchers in the same field. Themes and patterns resulting from the analyses
were used in an iterative process for developing and improving the ASSISTwell
application.
Approach for Aim2
Introduction
It is important that we understand the association between the use of the
ASSISTwell application, blood glucose levels, and patients’ perceived ability to selfmanage in order to determine its effectiveness on disease management. The purpose of
Aim 2 was to determine the effect of ASSISTwell application on blood glucose levels
and patients’ perceived ability to self-manage in patients with DMII. To accomplish this,
we tested the hypothesis that individuals using the ASSISTwell application would have
better glucose control and improved perceived ability to self-manage during the 30-day
study than patients in the standard of care control group.
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Research Design
A quasi-experimental pre-post design was used to compare the ASSISTwell group
(intervention group) to the standard care group (control group). The outcome, blood
glucose level was measured at baseline and week four. The outcome, patients’ perceived
ability to self-manage were measured at baseline, and week 4.
Recruitment
Participants were recruited as described for Aim 1
Study Participants Inclusion and exclusion Criteria
Inclusion and exclusion criteria were the same as Aim 1.
Sample Size
Since this is a pilot study, the minimum sample size was calculated at 10% of the
sample projected for the larger study (Connelly, 2008). The projected sample size for the
large scale study was obtained through a power analysis using gPower version 3.1. Using
a two-tailed alpha of 0.05, power of 0.80, and an effect size of 0.50 (a moderate effect
size) we needed a sample of 50 subjects in both the intervention and control groups for
the larger study. Therefore, a total sample size of 24 participants for pilot testing was
needed to accomplish Aim 2 (12 participants for intervention and 12 for the control
group).
Measures
A glucometer was used to measure peripheral blood glucose levels. Patients
entered their blood glucose readings manually to the ASSISTwell application. Patients in
the control group were asked to log their blood glucose level daily on a paper form
(Appendix E) created by the study PI. The demographic questionnaire was adopted from
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the NIH (2016) demographic form and was used to collect demographic data (table 6).
This form comprised the following variables: age, gender, race, and ethnicity. Patients
were asked to fill out the demographic information in week 1.
Patients’ perceived ability to self-manage was measured using the Perceived
Diabetes Self-Management Scale (PDSMS) (Wallston, 2007). PDSMS is an 8 item scale
which was designed for diabetes specifically (Appendix D). The response items for
PDSMS range between 1= “Strongly Disagree” to 5= “Strongly Agree”. This scale is a
valid and reliable measure of perceived ability to self-manage (Wallston, 2007).
Procedure
Once IRB approval was obtained by the University of Massachusetts, participants
were recruited as described for Aim 1. Qualified subjects were invited to participate and
informed consent was obtained prior to study initiation. Figure 7 will describe the
activities and timeline of testing outlined in Aim 2.
Intervention Group
Participants in the intervention group were approached in week 0 to complete the
ASSISTwell training and complete the baseline data (demographic questionnaires, BG
levels, and diabetes perceived ability to self-management). In addition to their usual selfmanagement activities, specific tasks were sat up on the ASSISTwell application to be
completed every day or week for the next 30 days. An example of the self-management
activities/tasks is described in details in the Table 9. Participants completed their tasks on
a daily and weekly basis for the duration of 30 days. During the 30-day intervention the
study research team met with the participants three times at the end of week 1, between
weeks 2 and 3 and at the end of week 4. At the end of week 4, the research team met
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with the participants to complete the second assessment of BG levels and diabetes
perceived ability to self-management scale.

Baseline Data Collection
All Participants (n=24)
•
•
•

Week 0

Blood Glucose Level (BGL)
PDSMS
Demographic

Control Group (n=12)

Intervention Group (n=12)

ASSISTwell (AW) Training

Week 0

Usual Care

Week
0

Using AW

Week 1-4
•

Week 4

•

Usual Care

Week 1-4

Measuring BGL
Daily for 7 Days
Measuring PDSMS

Week 4

•
•

Measuring BGL
Measuring PDSMS

Figure 7: Activities and Timeline for Effectiveness Testing
Control Group
Participants in the control group were approached by the research team in before
week 1 to sign the consent form, complete the demographic questionnaire form, baseline
blood glucose form, and baseline perceived diabetes self-management scale. In addition
to their usual self-management activities, participants received a tablet computer-based
device and were asked to use it for anything related to their condition. However,
participants in this group received a tablet without the ASSISTwell application and with
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no specific tasks or instructions to do on a daily or weekly basis. During the following 30
days, study participants continued their usual care for the period of 30 days. During this
period, the research team met with the participants 3 times: at the end of week 1, between
weeks 2 and 3 and at the end of week 4 to provide them with the same environment as the
intervention group. At the end of week 4, the research team met with the participants to
complete the second assessment of BG levels and diabetes perceived ability to selfmanagement scale.
Data Management and Data Quality
Minimizing missing data is our priority. All data was double entered to check for
accuracy. Prior to analysis, we compared dropout and missing data and examined
whether participants’ characteristics were associated with missing data. The human
subject data related to medical history was captured and stored in a unique database
specifically built within the ASSISTwell application. The data was downloaded from the
ASSISTwell application to a CSV file. The CSV files were uploaded weekly to a Redcap
database. Data from Redcap was downloaded to CSV files and uploaded to SPSS for
analysis. Tablets used for data collection were password protected.
Data Security, Access, Share and Privacy
All computers and laptops followed the University of Massachusetts security
standards and were encrypted. All paper forms with human data related to medical
history were stored in a secure location. The Redcap database assigned a unique ID
number for each subject in the database. Data was de-identified before uploading to SPSS
for analysis.
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Research data collected and maintained by the PI and the research team was made
available for research purposes. No identifiable information was shared or distributed
with individuals or groups from inside or outside the University of Massachusetts. Data
for analysis was de-identified with nothing linked to the subjects. During the analyses
process, data was available to research members only.
Data Analysis
Prior to analysis, all variable normal distributions were evaluated to determine
whether a parametric or non-parametric test would be used and data transformation was
completed if necessary. Participant demographic data was summarized using descriptive
statistics. To test the group differences (intervention vs. control group) in regards to
blood glucose levels and perceived ability to self-manage, ANCOVA was conducted.
ANCOVA is appropriate for Aim 2 because it examines the differences between two
groups after controlling the baseline glucose level.
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CHAPTER 4
RESULTS
Introduction
The purpose of the study was to assess the usability of the ASSISTwell
application in an older adult population with DMII and to pilot test whether the
application can effectively enhance DMII patients’ blood glucose levels and their
perceived diabetes self- management skills. To explore those two issues, the researcher
studied 2 groups (one group received the ASSISTwell application and the other group
did not recive the ASSISTwell application) of older adults who are 55 years or older and
had been diagnosed with DMII for a minimum of 30 days.
Group 1, or the Intervention Group: the participants in this group received a tablet
device with the ASSISTwell application installed on it. The participants were trained on
the use of the application (e.g. set up tasks, data entry, complete surveys, and navigation
through the application) before they started the 30-day intervention. In addition to their
usual health management activities, they were asked to use the ASSIStwell application
every day for 30 days. Each tablet was set up with their health information and
medications, as well as reminders of when to monitor physiological parameters (BS,
weight, BP, O2 and water intake). Participants were asked to indicate that they had taken
their medications, enter their vital signs and daily activities into the tablet application and
complete daily and weekly surveys (e.g. sense of control, JADS, etc.). The research team
met with each participant 3 times during the 30-day intervention.
Group 2, or the Control Group: this group of participants was asked to continue
their usual health management activities without any specific instructions from the
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research team. In addition to their usual health management activities, participants
received a tablet device without the ASSISTwell application. Participants were asked to
use the tablet application for anything related to their condition without a specific tasks or
instructions. The research team met with each participant 3 times during the 30-day
intervention.
Three software programs were used for the analysis: first, Research Electronic
Data Capture Software (RedCap) was used to run frequencies and data tabulation.
Second, statistical analyses were performed using the Statistical Package for Social
Sciences (SPSS) Version 23 to calculate frequencies, percentages, cross tabulation
distribution, and ANCOVA. The third software was Atlas-ti, and it was used for
qualitative analysis particularly for coding and identifying the main theme and subthemes.
The results in this chapter are presented based on the main aims of the study:
results from the evaluation of the usability of the ASSISTwell application and results
from the pilot test of the effectiveness of the ASSISTwell application. The results consist
of a total of 9 main sections organized by research questions as described in Table 7.
Evaluation of Usability of the ASSISTwell Application
The usability testing was conducted after obtaining IRB approval from the
University of Massachusetts, Amherst. The purpose of the usability testing was to
determine the usability factors (satisfaction, effectiveness, efficiency, simplicity, overall
experience, how the application fits in patient’s lives as a self-management component,
and feedback or suggestions) of the ASSISTwell application in older adults with DMII.
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Table 7: Study results organizations
Study Aim I: Determine the usability factors (e.g. satisfaction and ease of application
use) of the ASSISTwell application
Section
Research Question
Quantitative
What is the satisfaction level of DMII patients who use the
Research
ASSISTwell application for four weeks?
Question
Qualitative
What is the overall experience of participants using the ASSISTwell
Research
application for four weeks?
Questions
How does the ASSISTwell application fit as a component of routine
diabetes self-management in older adult patients with DMII?
What features, changes or key information would the users like to
have added or removed to/from the ASSISTwell application?
Qualitative and
Quantitative
Observations

What is the percentage of success of completing a set of tasks in the
first and last week of using the ASSISTwell application?
(Effectiveness)
How quickly does the user complete assigned tasks in the first and
last week of using the ASSISTwell application? (Efficacy)
How many errors do users make? How serious are the errors? How
easy is it for users to recover from the errors? (Errors or Simplicity)
Study Aim II: Pilot test the effect of use of the ASSISTwell application on blood glucose
levels and patients’ perceived ability to self-manage their DMII
Quantitative
Does the ASSISTwell application improve blood glucose levels in
Research
older adult patients with DMII?
Question
Does the ASSISTwell application improve DMII patients’ perceived
ability to self-manage their condition?

To test the usability of the ASSISTwell application, 12 participants were recruited
and consented to use the ASSISTwell application for 30 days. To effectively study the
usability of the ASSISTwell application, various data collection methods were used
including, qualitative interviews, quantitative standardized measures, observations and
field notes (Table 8). Usability results were divided into 3 sections: quantitative,
qualitative, and quantitative and qualitative observation. Each section was based on the
research questions.
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Table 8: Usability criteria, methods, and analysis to assess the ASSISTwell application
Outcome
Satisfaction

Data Collection
Method
Quantitative/Survey

Analysis

Fitting the
Application as Part
of Routine Selfmanagement
Activities

Qualitative/Interview

Features, Changes
or Key Information

Qualitative /Interview

Overall Experience

Qualitative/interview

Effectiveness

Observations

Efficacy

Observations

Errors or Simplicity

Observations

The positive attitude and the overall
experience satisfaction with the
ASSISTwell was measured using a
validated long-established System
Usability Questionnaire (Brooke, 1996).
Participants were interviewed three
times. Data were analyzed using simple
content analysis of themes and subthemes.

Participants were interviewed three
times. Data were analyzed using simple
content analysis of themes and subthemes.
Participants were interviewed three
times. Data were analyzed using simple
content analysis of themes and subthemes.
The completeness and accuracy in
achieving the desired task was measured
by the success percentage in completing
or solving the task (Waite et al., 2013)
The effort and resources consumed in
achieving the desired task were
measured by counting the time taken to
complete or solve the desired task
(Waite et al., 2013).
How well the user can complete the
desired objectives without obstructions
or errors. This was measured by
calculating the number of errors per task
(Waite et al., 2013).

Demographic characteristics
After obtaining IRB approval, 13 older adults with DMII were invited to
participate in the study. A total of 12 participants agreed to participate in the 30-day
intervention. Participants were recruited from 2 locations in western Massachusetts. Five
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participants (41.67%) were recruited from The Amherst Senior Center and 2 participants
(16.7%) from the Community Health Center of Franklin. Additionally, 5 participants
(41.67%) were referred by word of mouth from enrolled participants.
Table 9: Baseline demographic and tablet/computer usage characteristics in the usability
study
Participants Characteristics
Mean
68.65
N

SD
8.55
%

Male
Female

5
7

41.7%
58.3%

White
Black or African-American
Native American or Alaska Native

9
3
0

75.0%
25.0%
0.0%

Hispanic or Latino
Non-Hispanic or Latino
Unknown or Not Reported

0
12
0

0.0%
100%
00.0%

Hours spent on the tablet

3.17

2.29

Computer-based system at home
No
Yes

1
11

8.3%
91.7%

Computer-based system at work
No
Yes
Not Applicable

1
1
10

8.3%
8.3%
83.3%

Comfort level with computer use
Not at all comfortable
A little comfortable
Comfortable
Very comfortable

0
4
3
5

0.0%
33.3%
25.0%
41.7%

Age (in years) mean, SD
Gender

Race

Ethnicity
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A 96% participation rate (n=23) with a 4% (n=1) drop out rate were reported in this
study. One participant withdrew from the study after participating for 7 days due to lack
of experience with the computer-based application. The remaining 96% of participants
completed the study. Participants’ characteristics are described in Table 9.
The average age of the participants was 68.65 (SD= 8.55). There were slightly
more female participants (58.3%) than male participants (41.7%). The majority of the
participants were white non-Hispanic or Latino (75%), and (25%) Black or African
American non-Hispanic or Latino.
A majority of the participants (91.7%) reported that they have a computer-based
system (smartphone, tablet, or computer) at home and only 8.3% of the partcipants
reported that they do not have a computer-based system at home. Participants were asked
to report their comfort level with the computer-based system on a scale of 1 (not at all
comfortable) to 4 (very comfortable). 41.7% of the participants were very comfortable,
25% were comfortable, 33.3% were a little comfortable, and no participants reported that
they were not at all comfortable.
Findings from the quantitative analysis
Participants in the usability evaluation (n=12) were first trained on how to use the
ASSISTwell application and an account with health information. Daily and weekly tasks
were set up for each participant with the help of one of the research members. Table 10
shows one example of these accounts. Next, participants were asked to use the
ASSISTwell application for four weeks. Each week, participants were assigned to
perform a variety of tasks (e.g. measuring BG levels from one to three times per day and
recording it using the application, receiving a reminder to take medications, completing
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surveys such as JADS, etc.). At the end of the first week, participants were asked to
complete standardized usability scale called SUS. Additionally, participants were asked
to complete the same scale again at the end of week 4.
Table 10: Example of patient account on the ASSISTwell application
Task Task Category
#
1
NA
2
Preferences

3

Health
monitors:
Blood Glucose

4

Health
monitors:
Weight
Health
monitors:
Water

5

Task Description
User Characteristics: first name, last name
- Get up at 8:00 AM
- Breakfast time: 8:30 AM
- Lunch time: 12:00 PM
- Supper time: 6:00 PM
- Bed Time: 11:00 Om
- Upon rising starting on 1/30/2017, repeating every
day, stopping after 30 times.
- Before lunch starting on 1/30/2017, repeating every
day, stopping after 30 times.
- Before supper starting on 1/30/2017, repeating every
day, stopping after 30 times.
- Upon rising starting on 1/30/2017, repeating every
week on Saturday, stopping after 30 times.
-

7

Survey: Sense
of Control
Survey: ADL

8

Survey: IADL

-

9

Survey: JADS

-

10

-

11

Survey: Social
Network
Survey: Attitude

12

Medications

-

6

-

-

At 10:00 AM, starting on 1/30/2017, repeating every
day, stopping after 30 times.
At 2:00 PM, starting on 1/30/2017, repeating every
day, stopping after 30 times.
Before supper starting on 1/30/2017, repeating every
day, stopping after 30 times.
After lunch starting on 1/30/2017, repeating every
week on Saturday, stopping after 30 times
After lunch starting on 1/30/2017, repeating every
week on Sunday, stopping after 30 times
After supper, starting on 1/30/2017, repeating every
week on Monday, stopping after 30 times.
After lunch starting on 1/30/2017, repeating every
week on Tuesday, stopping after 30 times
Upon rising starting on 1/30/2017, repeating every
week on Wednesday, stopping after 30 times.
Acetaminophen, tablet. Take 500 mg as needed.
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Quantitative research question 1
What is the satisfaction level of DMII patients using the ASSISTwell application
for 30 days? For this study, user satisfaction was measured by using a validated, longestablished System Usability Scale (Brooke, 1996). This scale is a 10 item Likert Scale
which gives the researcher a context-specific, subjective, overall experience view of a
system’s usability. The SUS was measured on scores ranging from 1 (strongly disagree)
to 5 (strongly agree). Table 11 presents the minimum, maximum and average scores for
participants at week 1 and week 4.
Eleven participants completed the SUS twice at week 1 and week 4 with a 100%
response rate. The average score of SUS was 91.60 (SD =5.65) and 92.05 (SD =11) for
week 1 and week 4 respectively. A paired sample t-test was conducted to compare the
satisfaction scores in week one and four. There was not a significant differences in the
scores for week one (M=91.6 , SD=6.64 ) and week four (M=92.04 , SD=11.0)
satisfaction average overall scores; paired t (10)= -0.12, p= 0.90>.05 . There was a slight
improvement in the satisfaction average overall score between week 1 and week 4 but
without statistical significance.
Table 12 represents individual scores across week 1 and week 4. The minimum
scores reported in weeks 1 and 4 were 77.5 and 70, respectively. Both scores were still
above theverage score (68.2) for mobile applications. One participant reported a
maximum satisfaction score of 100% at week 1 and 3 participants reached 100% by week
4. Six participants (54.54%) had a positive improvement in their satisfaction score
between week 1 and week 4. Three participants (27.27%) had a negative change in their
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satisfaction score with the application between week 1 and week 4. Only 2 participants
(18.19%) had the same scores for week 1 and 4.
Table 11: SUS average scores for weeks 1 & 4

N
Minimum
Maximum
Mean (SD)
Normative data
Acceptability Rating
Grade Scale
Adjective Ratings

System Usability
Scale (SUS) Total
score at week 1
11
77.5
100
91.60 (6.65)

SUS Total Score at
week 4

Acceptable
ABest Imaginable

Acceptable
ABest Imaginable

11
70.0
100
92.05 (11.00)

Table 12: Usability scale: total score for 12 participants
Participant Number
Participant 1
Participant 2
Participant 3
Participant 4
Participant 5
Participant 6
Participant 7
Participant 8
Participant 9
Participant 10
Participant 11
Average Score

Week 1
N= 11
90
92.5
85
87.5
77.5
97.5
92.5
100
97.5
97.5
90
91.6

Week 4
N=11
100
100
97.5
72.5
92.5
97.5
87.5
100
70
100
95
92.0

The next section will explain the analysis of the SUS items in more detail. SUS
consists of 10 items. Each item represents a domain pertaining to the application’s
overall satisfaction score. Each item was scored on a scale of 1 to 5 (1“ Strongly
disagree”; 2 “Disagree”; 3 “Neutral”; 4 “Agree”; 5 “Strongly agree”). Responses of 1 and
2 were categorized as negative, responses of 3 were categorized as neutral and responses
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of 4 and 5 were categorized as positive. Items 2, 4, 6, 8 & 10 were reversed coding. Table
13 describes the frequencies and percentages of responses by positive vs. negative and
neutral.
Table 13: SUS frequencies and percentages of responses by positive vs. negative and
neutral

SUS Item
Item 1
Item 2
Item 3
Item 4
Item 5
Item 6
Item 7
Item 8
Item 9
Item 10

Week One
N=11
Negative
Neutral
N (%)
N (%)
0 (0.0)
1 (9.10)
2 (18.18)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (9.10)
2 (18.18)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
2 (18.18)
0 (0.0)

Positive
N (%)
10 (90.90)
9 (81.81)
11 (100)
11 (100)
10 (90.90)
9 (81.81)
11 (100)
11 (100)
11 (100)
9 (81.81)

Negative
N (%)
0 (0.0)
0 (0.0)
0 (0.0)
1(9.10)
0 (0.0)
1(9.10)
0 (0.0)
0 (0.0)
1(9.10)
1(9.10)

Week Four
N=11
Neutral
N (%)
0 (0.0)
0 (0.0)
0 (0.0)
1(9.10)
0 (0.0)
1(9.10)
2 (18.18)
1(9.10)
0 (0.0)
0 (0.0)

Positive
N (%)
11 (100)
11 (100)
11 (100)
9 (81.81)
11 (100)
9 (81.81)
9 (81.81)
10 (90.90)
10 (90.90)
10 (90.90)

SUS item 1: willingness to use the application frequently. “I think that I would
like to use the ASSISTwell frequently.” In week 1, 90.90% of the participants reported
that they positively agree that they think they will use the application frequently. After
participants had used the ASSIISTwell application for 30 days, the percentage of
participants who reported that they positively agree that they will use the application
increased to 100%.
SUS item 2: application’s complexity. “I found the ASSISTwell unnecessarily
complex.” In this item, participants were asked to rate if they found this application
unnecessarily complex. For week 1, 81.81% of users reported that the application was not
unnecessarily complex. Only 18.18% reported that the application was indeed
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unnecessary complex. After participants had used the application for four weeks, 100%
of users reported that the application was not unnecessary complex.
SIS item 3: ease of use. “I thought the application was easy to use.” In this item,
users were asked to rate the ease of use of the ASSISTwell application. For week 1 and
week 4, 100% of users reported that the application was easy to use.
SUS item 4: need for technical support. “I think that I would need the support of a
computer support technician to be able to use this application.” At the end of week 1,
100% of the users reported that there was no need for support from a technical person to
be able to use the application. However, at the end of week 4, 1user reported that there is
a need for support from a technical person to be able to use the application.
SUS item 5: function integration. “I found the various functions of the
ASSISTwell were well integrated.” Users were asked to navigate through the various
functions in the application and rate the integration of those functions. In week 1, 90.90%
of the users reported that the functions in the ASSISTwell application were well
integrated. In week 4, 100% of the users reported that the application’s functions were
well integrated.
SUS item 6: inconsistency. “I thought there was too much inconsistency in this
application.” During week 1, 2 users (18.18%) reported that there was too much
inconsistency in the application. However, in week 4 the percentage dropped to 9.10%.
81.81% of users in weeks 1 and 4 reported that they positively disagreed that there was
too much inconsistency in the application.
SUS item 7: Learnability. “I would imagine that most people would learn to use
this application very quickly.” Learnability is a critical attribute in any technological
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application’s usability. At the end of week 1, 100% of the users reported that the
application was easy to learn very quickly. However, after users used the application for
30 days, the percentage dropped to 81.81%. Two users were not sure whether this
application could be learned quickly or not.
SUS item 8: application’s difficulty. “I found the application very cumbersome to
use.” At the end of week 1, 100 % of the users reported that they disagree that the
application was cumbersome to use. However, in week 4, 90.90% reported that they
disagree that the application was cumbersome to use. Only 1 participant was not sure
whether the application was cumbersome to use or not.
SUS item 9: confident in using the application. “I felt very confident using this
application.” Users were asked to rate their confidence in using the application. At the
end of week 1, 100% of the users reported that they were positively confident in using the
application. However, at the end of week 4, only 1 participant reported that they were not
confident using the application.
SUS item 10. Simplicity. “I need to learn a lot of things before I could get going
with this application.” At the end of week 1, 2 users (18.18%) reported that they need to
learn a lot of things before they could get going with this application. At the end of week
4, only 1 user reported that there was a need to learn a lot of things before they could get
going with the application. However, 90.90% reported that there was no need to learn a
lot of things before they could get going with the application.
Summary of the findings from quantitative analysis
The mean SUS scores for weeks 1 and 4 were 91.60 and 92.04 respectively, and
there was no statistical difference between the two scores (paired t (10)= -0.12, p= 0.90).
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Eight participants had a high SUS score of 90 and above in weeks 1 and 4. Those 8
participants reported a positive experience with the ASSISTwell application. The
minimum SUS score was 70. However, this score is still considered above the average
score for mobile applications.
Findings from qualitative analysis
Data from quantitative standardized measures were supported by qualitative
interviews. Participants used the ASSISTwell application for 30 days, and the research
team met with each participant 3 times (at 7 days, 17 days, and 30 days). Each interview
took approximately 20 to 45 minutes. Interviews were guided by a set of semi-structured
questions that were set up differently for each interview. Interviews took place in
locations agreed upon with participants (e.g. participants’ homes, public locations,
community centers). The participants’ interviews were focused on answering three main
questions:
1. What are the overall experiences of participants using the ASSISTwell application
for 30 days?
2. How does the ASSISTwell application fit as a component of routine diabetes selfmanagement in older adult patients with DMII?
3. What features, changes or key information would the users like to have added or
removed to/from the ASSISTwell application?
Analysis of participants’ interviews is presented and described in the following
section based on the three questions above.
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Qualitative research question 1: participants’ overall experiences
What are the overall experiences of participants using the ASSISTwell application
for 30 days? The overall experience results from the qualitative interviews demonstrate
that older adults with DMII were very satisfied with the application and they found it to
be a very easy, helpful and useful application to support their self-management activities.
Eleven overarching themes emerged and were categorized as the following: overall
satisfaction, ease of use, ease of navigation, simplicity, usefulness and helpfulness,
presentation, efficiency, errors, functionality and features, and excitement and
acceptance. These themes are described in greater detail in the next section.
Overall satisfaction
Participants repeatedly described their experience of using the application using the
following terms: “I like it,” or “I love it” 28 times, “it is fun,” “I enjoy it,” or “very
interesting” 5 times, and “it is a great application,” or “wonderful tool” 13 times. The
following quotes are examples from the participants.
•

“I think it's a wonderful tool because it reminds me to do things I should do.”

•

“I think this is a great application and I told my providers about it, and they're
very excited about it.”

•

“I love it. I love the feature of recording blood sugar, weight, and blood pressure.
The study went by fast; I didn't want it to end.”

Ease of use
Users reported that the application is easy to use and expressed that 21 times during
the interviews. Users reported that even those with minimal or no application/computer
experience were still able to use the application and complete the tasks.
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•

“I think a person not familiar with apps/computers could use this, without a
problem.”

•

“Believe me, I do not use the fancy phones, and I can do it by myself.”

Ease of navigation
Navigation plays an important role in getting application users to view and use more
than just the home page. If the application has unclear navigation choices, users might not
be comfortable using the application. Users highlighted that the ASSISTwell application
is very easy to navigate through. They expressed the ease of navigation 7 times during the
interviews. Despite their lack of experience with smartphones and computer applications,
users expressed that they were able to navigate through all tasks without problems.
•

“It's easy to get through the tasks. I do my blood glucose in the morning and
complete the surveys in the evening with no problems.”

•

It's easy to use and navigate, believe me, I do not use the fancy phones, and I can
do it by myself.”

Simplicity
User-friendly applications are usually free from errors, obstacles, and problems.
Participants expressed that the ASSISTwell application is simple and self-explanatory,
highlighting the application’s simplicity 8 times during the interviews. They believe that
anyone can use the application, and there was nothing confusing about it.
•

“I believe anyone can use it even if they never use it before.”

•

I don't think there's anything hard or confusing about it.”
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Usefulness and helpfulness
Usefulness and helpfulness are the themes that emerged from the interviews. The
terms “usefulness” and “helpfulness” refer to the degree to which the application enables
the users to achieve their goals and are important for assessing the user’s willingness to
use the application at all. Users of the ASSISTwell application reported that the
application is very useful and very helpful. These were reported 10 times during the
interviews.
•

“I definitely felt like it was very useful.”

•

“It is a very helpful tool; it keeps reminding me to do things, it's like a mother
saying no.”

•

“It is really helpful; I always keep forgetting to use my blood glucose log, but to
be honest because I am using this application, I am on track.”

Presentation
This term refers to the application’s pictures and text. One of the common issues
in technological applications, in general, is the color, text font size, and image display. In
usability testing, it is vital to determine whether or not these are appropriate. In this study,
users reported that they had no issue with the text, color, font size or the image display.
The terms “the screen was easy to read,” “good picture,” and “good font size” were
reported 14 times during the interviews.
•

“The screen was bright, and I like that. I did not even need my reading glasses.”

•

“The screen is easy to read, and the font and display were perfect.”
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Efficiency
Researchers spend tremendous amounts of time, resources, and money on designing
and implementing technological applications. Therefore, it is critical to design and
implement a product with desirable and viable results. This theme refers to how much the
user consumes efforts and resources to achieve the desired objective. Users reported that
the ASSISTwell application does not consume a high amount of effort and it is very fast
and easy to complete tasks within the application. Participants reported that the
application is “fast, quick, and easy” 22 times during the interviews.
•

“It's not time-consuming at all, it says do it and click! It’s done.”

•

“It is very easy and does not take a long time to do the tasks.”

Errors
This theme refers to the amount of errors users make, the seriousness of these errors,
and how easily the users can recover from the errors. All 12 participants reported that
they did not receive any error messages and they were able to recover easily from
selecting the wrong button, and the application did not freeze or hang.
•

“No errors or problems at all.”

•

“No errors, freezing, or hanging.”

•

“No problems, I was able to recover easily from pushing the wrong button.”

Functionality and features
This refers to the quality or state of being functional. It is important to produce an
application with adaptive and interactive features. The concept of reminders was reported
as an excellent feature by all 12 participants.
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•

“I like the reminders: for example, water intake. I think I am not drinking enough
water every day.”

•

“It’s like a mother; it keeps asking you to do it until you do it. You should name it
the Mother.”

Excitement and acceptance
Participants showed a great deal of excitement and acceptance of using the
application. Excitement and acceptance were reported 9 times during the interviews.
Participants were very excited and appreciative of engaging in technological applications.
•

“This is what I need; this is what we need (referring to diabetic patients).”

•

“My PCP is excited and my nurse case manager, about sending data right over.”

•

“When I heard about the study, I was very surprised that it was made mainly for
the elderly. You do not see many apps made specifically for the elderly. I was
happy and excited. It's incredible that an app, internet application, or a tablet was
tailored to just 55 years and older. I think this population is in need of such an
intervention, which could help them and provide good support for their diabetes
management.”

•

“I am very excited to participate in the study because I keep forgetting to take my
medication. I think this application will help me remember when to take
medication.”

General comments
When assessing the usability of any technological application, it is necessary to
gain general comments from the users. General comments help researchers and
designers in building more robust applications. The ASSISTwell application was
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hosted on tablet-based computer and users reported that the tablet was “portable
enough, handy, easy to carry, and perfect size.” Participants repeated those terms 17
times during the interviews.
•

“The size is great; you can keep it close.”

•

“It fits in my pocketbook; it's lightweight.”

•

“It's handy, and easy to carry.”

Qualitative research question 2: the ASSISTwell application and routine diabetes
self-management
How does the ASSISTwell application fit as a component of routine diabetes selfmanagement? Qualitative interviews demonstrated that the ASSISTwell application fits
as a component of routine diabetes self-management for older adults with DMII. 11
overarching themes were emerged and categorized as the following: discipline,
awareness, independent, positive attitude, support, confidence, accountability,
responsibility, balance, compliance and adherence, and reminders.
Discipline
For older people with chronic illnesses such as DMII, there are many important
factors and attributes to achieving optimal wellness. However, there is one factor that
plays a key role in self-management for all adults, whether it be in regards to their
exercise, diet, medications, checking blood glucose frequently, or adhering to care
provider instructions: discipline. Discipline, or learning how to be more disciplined in
healthcare management activities, is the first theme that was expressed by many
participants as a result of using the ASSISTwell application.
•

“It's a great application; it has me doing things I wouldn't necessarily be
doing on my own. It keeps me on track.”
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•

“It definitely does discipline me. It has absolutely made me take my blood
glucose for the last 30 days and write them down.”

•

“It helps me to be on time with my medications and measuring my blood
glucose. It changes my habits to be more on schedule.”

Awareness
Awareness is one of the common and critically important concepts regarding
older adults’ disease management and long-term outcomes. By using the ASSISTwell
application at least 3 or 4 times per day, participants reported that they became more
aware of many things related to their conditions. Here are some examples based on
different features of the application:
Recording blood glucose reading
When patients measure their blood glucose, they become more aware of what
they should or shouldn’t eat according to their readings.
•

“This app makes me much more aware and more conscious of my numbers. I
knew what my glucose was so I had a lighter breakfast than usual. I'm more
aware of what's going on inside me.”

Completing the surveys
Completing the surveys about the sense of control, dignity, social network and
activity of daily living on daily or weekly basis encouraged participants to think and be
more aware of factors and attributes (e.g. health, being independent, being disciplined,
attitude, and being social) related to their health.
•

“It gives me more awareness of how I'm feeling (physically) from day to day
or through the day. It's giving me a sense of purpose.”
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•

“It affirms the importance of doing the things I'm doing every day. The
survey makes me think of things that are out of the ordinary.”

Participants also described how using the ASSISTwell application on a daily basis
helped them develop awareness of their actions, thus allowing them to make the right
decisions necessary to support their diabetes management and improve their health
outcomes.
•

“It made me aware of what I should eat or not eat because I measure my
blood glucose and I have an idea of what to eat if low or high or take an extra
pill.”

Independence
Dealing with chronic illnesses such as DMII on daily basis can be overwhelming
sometimes and requires the support of family, friends and significant others. However, it
is also good to be independent and do things on your own. Independence was one of the
themes that emerged as a result of using the ASSISTwell application. Participants
reported many times that this application helped and supported them being independent,
thus being happy and satisfied with their actions.
•

“You know, I am a pretty independent person, and I know how to put a
management plan, but I am having a problem getting these projects done. I
need something to push me and force me to do it. I think your app will help me
a lot.”

•

“Forcing me to stay on track and measuring my blood glucose every day was
amazing. It forces me to do everything, and it feels good. It gives me more
energy because I want to keep track of it.
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Positive attitude/behavior
Changing attitudes and behaviors are essential aspects of diabetes management.
The interviews reveal that participants are developing positive behaviors and attitudes as
a result of integrating the ASSISTwell application into their daily routine. Participants
reported that by completing the surveys and encouraging them to think more in-depth
about different aspects of their lives, it gave them a sense of purpose.
•

“The surveys make you think about your life. I tend to say I cannot do it, but
now I said why couldn't I do it? Yes, I can.”
Using the reminders in relation to taking medications, diet and measuring vital
signs on a daily basis was another factor that helped participants change habits
and attain positive behavior.

•

“After using this app for the last 30 days, it became a habit. Now I fix my
meal, and I put water with the meal. I measure my blood glucose at least three
times a day. I haven't missed my morning glucose readings since I started
using the app.”

Support
Participants described the ASSISTwell application as a great resource for support
in relation to healthcare management activities. For example, having a daily reminder to
measure blood glucose was a great support to encourage this activity for the period of 30
days.
•

“To be honest, it did force me to stay on track. I never was able to keep a log
for 30 days without missing anything.”
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Additionally, the reminder feature in the ASSISTwell application was described
as an important feature to support patient’s medications adherence.
•

“The opportunity to have Reminders-I'm more consistent with taking
medications.”

•

“I like the alarm/reminder because sometimes I wake up and stretch for a
little bit and then make coffee and then totally forget about measuring my
blood glucose or taking my meds. The first day I used it I was in the kitchen,
and suddenly I heard a kind of music, and I was searching in the house and
did not know where is the music came from. Then I realized that is the tablet,
oh, I got to do my blood glucose and take my meds.”

Participants reported that the possibility of having data from the last 7 or 30 days
and sharing it with primary care providers is a great support.
•

“I'm all for it. Records are important for my cardiologist and PCP; you get so
much more out of the appointment. It is valuable to have the support for your
provider. I like that all three (blood pressure, blood sugar, weight) are all on
the same page and I could look at the whole picture.”

Confidence
Confidence is extremely important for self-management and maintaining optimal
wellness. Participants emphasized the importance of the ASSISTwell application in
making them more confident in relation to performing healthcare management activities
on a daily basis.
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•

“It makes me feel more confident. It's good up to a point you think you're
doing real good. It forces me to do everything, and it feels good. It gives me
more energy because I want to keep track of it.”

Accountability
The sense of accountability and being responsible for all actions related to
diabetes management was expressed in all interviews. Using the ASSISTwell application
to support daily and weekly self-management activities appeared to help patients
recognize the importance of being more active in managing and improving their health.
•

“It's really good. It's certainly making me take my morning glucose reading.
I really like doing it because sometimes I'm a little lax.”
Some patients found that using this technological application as a part of their
daily routine of self-management activities motivated them and increased their
sense of personal accountability in relation to their diabetes management.

•

“The other day I went to the store and I was going to buy sweets, and then I
remembered that my reading was high and then I told myself I am not going to
buy it.”

•

“It made me sit down and look at what I was doing. It kept me aware of my
blood sugar. I am watching what I eat now, and next week I'll work on my
weight.”

Responsibility
As results of using a self-management application that allows patients to interact
and engage in daily self-management activities, participants developed a sense of
personal responsibility.
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•

“I haven't missed my morning glucose readings since I started using the
application. I know and cut down on what I shouldn't eat a lot of.”
Additionally, participants expressed that they started thinking beyond just
performing self-management activities; they started making decisions on how
to improve their wellbeing.

•

“I definitely think more about what I put into my mouth. It's like Big Brother
is watching; usually I'm only good 2 weeks before a doctor's appointment.”
Participants also expressed that interacting with the ASSISTwell
application on a daily basis as a routine self-management activity helps them
develop a sense of responsibility in relation to their diabetes care.

•

“Knowing that I have to put it here (enter data into the tablet) makes me more
responsible. My goal is I want to stay off insulin; this way, I think more about
the food I eat, which is the only way that will happen because I'm not as good
as I should be.”

Balance
Self-management of chronic health problems such as DMII can be overwhelming
and complicated. It requires balancing activities and demands in order to maintain
optimal wellness. Some participants illuminated the importance of balancing physical
(e.g. blood glucose level, and medications), role function (e.g. sense of control) and
social (e.g. social networking) activities.
•

“It keeps me on top of all the things that we have to balance and helps with
keeping the diet and glucose levels consistent. Also, I think it helps me keep an
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eye on my numbers, and it helps me think about the change I need to do in
order to get it down lower.”
As a result of integrating physical (BG, BP, O2, weight), role function
(sense of control) and psychological (attitude) tasks in patients’ daily routines,
participants seemed to develop balancing skills and used them to improve the
entire picture of their wellbeing.
•

“Doing those daily tasks helps me keep up with what I'm doing. Did I eat too
much sugar, for instance? I definitely think more about what I put into my
mouth.”

•

“Helps me improve my management; I can see the connection to what I did
that day.”

Compliance/adherence
Participants expressed the development of accepting and trusting the relationship
between them and the ASSISTwell application. Participants revealed that they became
more compliant regarding medications, diet, and measuring vital signs.
•

“The alarms, reminders, having to do it 3 times make me more compliant. If
it did not say do this 3 times a day, if it did not remind me by the alarm, to be
honest, I would not have done it. You should call it mother because you got to
do it.”
Participants also expressed that knowing they had to complete a set of tasks
on a daily or weekly basis, as a part of their diabetes management activities,
gave them a good source of support to be more complaint.
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•

“I usually try to do things but do not get it done. I need something to force me
to be more compliant, like this application.”

Reminders
12 participants expressed the importance of the reminders. Several participants
reported that before using the ASSISTwell application they would miss testing their
blood glucose levels and taking medications on time. However, after starting to use the
application, they reported that they became more engaged and active in testing their
blood glucose and taking medications on time.
•

“It does help remind me because I miss a lot of testing and taking my meds on
time. Even when I used to use a paper log I would forget to do it, but I did not
forget it on this application.”

•

“Knowing that I have to put it in here (referring to using the reminder to enter
data into the tablet), to remind myself, it helped me to remember to do it and
record it.”

Qualitative research question 3: the ASSISTwell application’s features, changes, or
key Information
What features, changes or key information would the users like to have added or
removed to/from the ASSISTwell application?
Features suggested by users
Qualitative analyses of the participants’ interviews and field notes indicated
23features to be considered in the next version of the ASSISTwell application. All
suggested features are innovative and tailored to the management of chronic illnesses in
general, and DMII in particular. Suggested features are described briefly in Table 14 and
details are provided in the following section.
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Table 14: Features suggested by users
#
1
2
3

Suggested Feature
Printing capability
Export capability
Color coded results

4

Feedback

5
6
7
8

Enter data retrospectively
Educational support
Food/meal diary
Musical choices for
alarms/reminders
Graphic

9

10 Reminder/record exercise
11 Data display
12 Timed blood glucose
13 Doctor appointments
14 Comments section
15 Ideas for healthy diet
16 Track carbs
17 Color coded surveys results

18 Troubleshoot
19 Humorist feedback
20 Reminder to get up and
exercise
21 Exercise ideas
22 Meal planner
23 Social communication
capability

Short description
Allow users to print data from the application.
Allow users to export data to other devices.
“Hypo” alert
“Normal” alert
“Hyper” alert
Give a short warning message if the result is low or
high.
Ability to enter data retrospectively
Feature to provide DMII educational resources
Feature to record daily meal/food
Add musical choices to the alarm settings
Prediction of personal trends based on data stored in
the application
Feature to record exercise in minutes
Feature to display the data average from the last 7,
14, or 30 days.
Feature to record blood glucose 2 hours pre-prandial,
fasting, 2-hours post-prandial
Feature to add a doctor appointments reminder
Open text feature to record comments related to
diabetes
Feature to provide users with options/ideas of healthy
snacks for diabetic patients
Feature to track the net carbs consumed by the patient
Display survey results with a specific color based on
the results (e.g. below average, normal, above
average)
Add a troubleshoot support
Funny/humorist feedback (e.g. oops! It looks like you
ate too many cookies!)
Feature to remind the user to get up and exercise
Feature to give users exercise options
Feature to help the user plan a single, daily or weekly
meal
Feature to connect the app with Facebook, Twitter,
and other communication forums
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Printing data capability. Participants expressed the importance of being able to
print physical (e.g. blood glucose, blood pressure) and psychological (e.g. sense of
control) data from the ASSISTwell application to share with their primary care provider
or their specialist.
Data export capability. A few participants showed an interest in having a data
export capability in the next version of the application. They expressed that being able to
export the data from the last 7, 14, or 30 days would be valuable to prospective users.
Color coded flags (“hypo,” “within normal range” or “hyper” alert). Most
participants highlighted the importance of a color-coded reading with one of the
categories above. For example, if participants had a blood glucose reading of 300, they
would like to see a red flag saying “your reading is high.”
Short message or feedback when the data entry is completed. Participants
suggested that a short message or a brief feedback after the data entry is completed would
be beneficial to support their decision for the next action. For example, if a participant
had a blood glucose reading of 60, they would like to get short feedback such as “your
blood glucose is too low, please drink a glass of orange juice.”
Entering data retrospectively. Participants expressed the importance of being
able to go back and enter data retrospectively in order to keep a full record of 7, 14 or 30
days of data. Participants stated that sometimes they get an unexpected hospitalization,
device technical issue, or other situations that hinder their ability to enter their data on
time and would prefer to have the retrospective data entry capability.
Educational support. Some of the participants suggested adding educational
resources about self-management, diabetes, diet, and exercise. Since the application is
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hosted on a tablet device, participants emphasize the importance of being able to read
about diabetes, self-management and other topics related to diabetes from an educational
resource within the application.
Food/meal diary. For older adults with chronic illnesses, particularly DMII,
maintaining a healthy diet is a great concern for them and necessary for maintaining an
optimal balance between diet and insulin or medications. Participants showed a great
interest in adding a food/meal diary option to the ASSISTwell application. Participants
explained that by using a food or meal diary they would be able to track the number of
calories and net carbohydrates they eat every day. Thus, they would be able to maintain a
healthy weight and healthier diet.
Musical choices for alarms/reminders. All of the tasks within the ASSISTwell
application are supported by the alarms/reminders feature. Participants would prefer if the
application had musical choices for the alarms to make it more fun and more engaging.
Graphic to reflect personal trends. The ASSISTwell application allows users to
measure a physiological parameter of health (e.g. blood glucose, blood pressure, oxygen
saturation, and weight) on a daily and weekly basis. However, there was no option to
display some of this physiological data in a graph format. Therefore, participants
expressed a high interest in adding an option to display data in graphs and show personal
trends.
Reminder/recording exercise in minutes. The ASSISTwell application supports
the option of recording the number of steps taken per day. However, participants
expressed a high interest in adding a reminder for exercise and recording exercise in
minutes.
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7 days, 14 days, and 30 days of physiological data (BG, BP, Weight, O2)
averages. Participants reported that displaying the data average of the last 7, 14, or 30
days of their data would be very valuable to them and their providers in order to take a
look at how they are doing in relation to their readings from their physiological data.
Timed blood glucose (2 hours pre-prandial, fasting, 1 hour post-prandial). In
order to set up a reminder for checking blood glucose, users need to select a time (e.g.
upon rising, before breakfast, after breakfast, before lunch, after lunch, etc.) under the
option “when” within the ASSISTwell application. However, in the current version of the
ASSISTwell, participants were not able to set a specific time before or after a meal (e.g. 2
hours pre-prandial or 2 hours post-prandial).
Doctor’s appointment reminders. Within the ASSISTwell application, users can
set up different types of reminders related specifically to diabetes management. However,
participants suggested that a doctor’s appointment reminder should be added to the
reminder list in the ASSISTwell application.
Comments section. Participants reported that they would prefer the application to
have a comments section (open text). Participants expressed their interest in writing
general comments regarding their care on a daily or weekly basis. For example, one
participant stated that she would like to keep comments regarding her care and share
them with her primary care provider during the routine care visit because she believes she
will get more out of the visit.
Possible ideas for food and snacks for diabetic people. In most cases, when
people feel hungry between meals they rely on snacks. However, people with chronic
illnesses such as DMII struggle with deciding on which snacks they can eat without
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negatively affecting their blood glucose levels. Some of the participants suggested that
the new version of the ASSISTwell application should have an option where users could
select healthy snacks from a list approved by a dietician.
Track carbs. Tracking and counting the net carbs for older adults with DMII is a
critical step to achieving optimal wellness. Therefore, participants expressed a high
interest in having a carbs tracking option in the ASSISTwell application, as the American
Diabetes Association recently recommended a lower-carb eating plan as one of many
options that can be used for diabetes management.
Flag any changes in the survey results with a color code as feedback to the
user. Some of the participants suggested adding color codes to the results of the surveys
and providing a short summary of what the results mean. For example, if a participant
completed the social network survey and received a score of 22, they would prefer to
know what the score of 22 means to them and whether it is within the normal score range.
Troubleshooting. A few participants experienced technical issues (e.g. nothing
displayed under the schedule tab) with the application during the 30-day period of using
it. Therefore, they highlighted the importance of adding a troubleshooting option within
the application. One participant said, “When there is a problem, there is no way to fix it
unless I call you.”
Humorist feedback (as motivational feedback). One of the participants
illuminates the concept of humorist feedback. The participant stated that people take
diabetes seriously to an extreme point. For example, if they have a high blood glucose
reading, they will think they are going to lose a leg or toe. This application should put a
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smile on their faces. It should say “Oops! It looks like you ate too many cookies!” or
another funny comments to lighten things up.
Reminder to get up and exercise. The ASSISTwell application supports the
reminder option for vital signs (e.g. blood pressure, blood glucose, O2 saturation, and
heart rate), the number of steps taken, meals and water. Participants suggested adding a
reminder to get up and exercise.
Exercise ideas. For older adults with diabetes, physical activity is a critical
component of their management plan. Several participants expressed interest in having an
option to provide users with some ideas for exercise. For example, one of the participants
suggested the application could tell you “Get up and walk back and forth to the kitchen 3
times,” or, if the weather is good, “Go for a 5 minute walk.”
Meal planner. Older adults, and particularly those with DMII, are required to
maintain a healthy meal plan in order to maintain good blood glucose levels. Some
participants expressed that they are struggling in planning healthy meals that won’t
negatively affect their medications and their blood glucose levels. They suggested that an
option to help them plan a healthy meal for at least 7 days would be valuable and would
be a great support to their overall management plan.
Social communication capability. Due to the popularity of diabetes information
exchanges on Facebook and other online social networking sites, participants expressed a
high interest in the new version of the application supporting social network service
(SNS) such as Facebook or Twitter.
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Features suggested by users to be changed or revised
Qualitative analysis of the participants’ interviews and field notes also highlighted
7 existing features to be reconsidered or revised in the next version of the ASSISTwell
application. Suggested revisions are tailored to two categories: first, technical aspects
(e.g. alarm/reminder, interface display) and second, self-management activities (e.g.
survey repetition and applicability). Suggested revisions are highlighted in Table 15 and
details are provided in the following section.
Table 15: Features suggested by users to be changed or revised
Features to be revised
Alarm/reminder

Survey questions
Survey repetitions
Survey applicability
Numeric data entry
Interface display
Data entry instructions

Reason
The Reminder/Alarm does not go off on it is own unless you
open the tablet.
The alarm does not stop unless you skip the task.
Questions in each survey do not display in a random order.
ADL and IADL surveys are redundant when setting up to be
performed daily.
Surveys do not apply to every participant.
Incorrect keyboard display during numeric data entry.
No data display when user holds the tablet horizontally.
Lack of data entry instructions for scheduled tasks.

Alarm/Reminder. Users reported that when the user is due to complete a task,
the reminder does not go off on its own unless you open the application. Additionally,
when the user opened the application, the alarm just kept going off and did not stop
unless the task was skipped. Participants found that to be annoyance.
•

“The alarm just kept going off, and it does not stop. That is kind off distracts
you.”

•

“The alarm, it does not go off on it is own, it only goes off when you turn it
on.”

•

“The reminders don't go off unless you open the app.”
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Survey questions do not display randomly. Participants reported that doing the
same surveys over and over with displaying the questions in the same order could cause
inaccuracies in answering the questions due to the possibility of memorizing the answers.
They suggested having the survey questions displayed randomly each time the survey
needs to be completed.
Survey repetition. Participants were asked to complete set of surveys on a daily
(ADL, IADL, and Sense of control), and weekly (JADS, and LSNS) basis. However,
participants reported that they did not like receiving the same questions over and over
when there were no changes within 24 hours.
•

“I cannot handle the same questions over and over.”

•

“Surveys are overwhelming and not sure if other people will be willing to do
them very often since they are asking the same thing over and over.”

Survey applicability. Participants reported that some of the surveys might not
apply to everyone because every patient has a different level of complexity in relation to
their illnesses. Participants explained that many older adults could not do many things on
their own (e.g. referring to items from the ADL survey) and when they are asked the
same question over and over it could give them an unpleasant feeling and even make
them more depressed.
•

“They might be overwhelming to someone who is already depressed and
cannot handle it when they ask could you do this without an assistant, could
you do that without an assistant, and they have to say no.”

•

“The surveys are depressing to me.”
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Keyboard display during data entry. Users reported that when they needed to
enter data in a numeric format the keyboard is placed in the middle of the screen.
Therefore, it makes them difficult to read what is under or above the keyboard.
Additionally, most users did not know how to move the keyword up and down on the
screen. Refer to the picture 1.
Picture 1: Keyboard display during data entry

Interface display. Users reported that everything was displayed fine on the main
user interface page when the tablet was held vertically, but it all disappears when the
tablet was turned horizontally. Users reported that this problem frustrated them and needs
to be considered in the next version of the application.
•

“Everything on the tablet disappears when you turn it horizontally. This is
frustrating.”
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Lack of clear instructions for data entry. Some users reported that the
application needs more clear instructions in relation to data entry. On the main user
interface page, users receive a list of tasks that needs to be completed on specific dates
and times. However, for users that had never been trained on the application, the task list
does not give any indication that you can click on the tasks to complete it. It just looks
like a list. Picture 2 shows how the task list is displayed on the current version of the
ASSISTwell application.
Picture 2: Lack of clear instructions for data entry

•

“When you open it up to select a task, and it says to do it, for me, you sat here
and gave me the training and it was ok, but I think if someone just opened it
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up and let’s say they just got the app and download it themselves and just
opened it-I believe that it will be hard to realize you have just to hit that
because it's not in the red. It looks like you are reading a book, so if I did not
remember you told me, I would be like where’s the do it button.”

Summary of the findings from qualitative research questions
Older adults with DMII expressed great satisfaction using the ASSISTwell
application as a part of their self-management activities. This satisfaction was expressed
in 11 overarching themes that emerged and were categorized as the following: overall
satisfaction, ease of use, ease of navigation, simplicity, usefulness and helpfulness,
presentation, efficiency, errors, functionality and features, and excitement and
acceptance.
Data from qualitative interviews demonstrate that the ASSISTwell application fits
as a component of routine diabetes self-management for older adults with DMII. This
was highlighted by users throughout the interview process in 11 overarching themes that
emerged and were categorized as the following: discipline, awareness, independent,
positive attitude, support, confident, accountability, responsibility, balance, compliance
and adherence and reminders.
Additionally, 24 suggested features to be considered in the next version of the
ASSISTwell application were illuminated as a part of the qualitative analysis of the
participants’ interviews. Suggested features are printing capability, export capability,
color coded results, feedback, enter data retrospectively, educational support, food or
meal diary, musical choices for alarms or reminders, graphic data, reminder/record
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exercise, data display, timed blood glucose, doctor appointments, comments section,
ideas for a healthy diet, ability to track carbs, color-coded survey results, troubleshooting,
humorist feedback, a reminder to get up and exercise, exercise ideas, meal planner, and
social communication capability.
Features to be changed or revised in the next version of the application were
highlighted for future consideration. Features to be revised are categorized as the
following: alarm/reminders, survey questions, survey repetition, survey applicability,
numeric data entry, interface display and data entry instructions.
Findings from qualitative and quantitative observations
To support data from qualitative interviews and quantitative standardized
measures, additional data collection methods were used: observation and field notes.
Each participant completed observation sessions at the end of weeks 1 and 4. Each
participant was asked to perform a set of tasks (Table 16) while the researchers evaluated
their performance based on 3 usability attributes.
The three attributes are effectiveness, efficacy, error and simplicity and comments
or feedback. A total of 22 observational sessions were performed during the study. Tasks
were divided into 3 different levels: easy (I), moderate (II) and advanced (III) to cover
most of the functions and features in the ASSISTwell application. Results are described
and divided based on the 3 research questions.
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Table 16: Tasks set to evaluate the functionality of the ASSISTwell
Task

Task level

1
2
3
4
5

I (Easy)

6

II
(Moderate)
III
(Advanced)

Task
Category
Health
Health
Survey
Survey
Medication
Set-up new
account

Task description
Log blood glucose to 140
Log your weight
Complete the Activities of Daily Living Survey
Complete the Jacelon Attributed Dignity Survey
Add a medication reminder (Tylenol 250mg-3 times
a day)
Add a new user and set up the following:
1. Blood glucose before breakfast.
2. Blood glucose before bedtime.
3. Add the Activity of Daily Living survey and
set it up to be completed once a day.
4. Add the Sense of Control Survey to once a
day.
5. Add new medication (e.g. Metformin 500mg)

Quantitative observation research question 1: effectiveness
What is the percentage of success in completing a set of tasks in the first and last
week of using the ASSISTwell application? Effectiveness, as was described previously
in Chapter 2, is the completeness and accuracy in achieving the desired task. It was
measured by the success percentage in completing or solving the task. The average
success scores for weeks 1 and 4 for each task are shown in Table 17 and are described in
detail in the following section.
Participants were very successful in completing level I and II tasks without the
assistant from the research team. They scored 99 and 100% on logging their blood
glucose and weight at weeks 1 and 4 respectively. The minimum mean success score for
weeks 1 and 4 for level II tasks and I were 90% and 100%, respectively. Users had
loweest success scores for the level III tasks. The minimum score for weeks 1 and 4 for
level III tasks was 60 %. Users were not able to complete level III tasks without assistant
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or guidance from the research team. The average success score for task 6 in level II
(74%) was the lowest average score among all tasks.
Table 17: Quantitative observation: success percentage of task completion
Task

Level

Week 1
Week 4
N= 11
N= 11
Tasks performed without assistance from the research team
Min Max M (SD)
Min Max M (SD)

Paired
p
value
1.00

1. Log blood
I
90
100 99 (3.01) 95
100 99 (2.02)
glucose to 140
2. Log your
I
100 100 100 (0.0) 100 100 100 (0.0)
NA
weight
3. Complete the
II
95
100 99.55(1.5) 85
100 97.7(5.2)
0.16
Activities of
Daily Living
Survey
4. Complete the
II
90
100 97.73(4.1) 85
100 97.3(5.2)
0.72
Jacelon
Attributed
Dignity Survey
Tasks performed with assistance from the research team
5. Add a
III
80
100 92 (7.52) 85
100 93.64
0.43
medication
(5.51)
reminder
(Tylenol
250mg-3 times
a day)
6. Add new user
III
60
90
74 (9.36) 60
95
77.738.76) 0.31
and set up new
account**
*Level 1 (I), Level 2 (II), Level 3 (III)
** New account consists of the following: blood glucose before breakfast, blood glucose
before bedtime, add the Activity of Daily Living survey to once per day, add the Sense
of Control Survey to once per day, and add new medication (e.g. Metformin 500mg,
tablet).

A paired sample t-test was conducted to compare the success scores in week one
and week four. As shown in table 17, there was not a significant difference between
success scores in week one and week four in all six tasks.
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In summary, all of the tasks scored highly on the success rate in this attribute
except the task 6 in level III. This is most likely due to the complexity of the task and
lack of training on creating an entirely new account. The results suggest that users had
slightly improvement in the success rate at week four compared to week 1 for level III
tasks, but the differences are not statistically significant.
Quantitative observation research question 2: efficacy
How quickly does the user complete assigned tasks in the first and last week of
using the ASSISTwell application? Efficacy, as described earlier in Chapter 2, is the
effort and resources consumed in achieving the desired task. The effort and resources
consumed in achieving assigned tasks were measured by counting the time taken to
complete or solve each one of the six tasks. The average time was taken to complete or
solve each task are given in Table 18 and described in the following section.
The time to complete each task was measured in minutes. The minimum,
maximum and average times are given in Table 18. Users took a significantly shorter
time completing level II tasks and I. For example, users took 0.13 minutes to log their
weight in week one and four. Users took slightly longer to complete level II tasks. For
example, users took 1.19 minutes on average to complete the JAD survey. Level III tasks
took a longer time to complete. For example, the average time taken to add a medication
reminder was 2.36 minutes, and 2.19 minutes for weeks 1 and 4, respectively. Among all
tasks, the longest time it took to complete a task is the time it took to add a new user and
set up an entire account (task 6). The average time to complete this task was 5.27 minutes
and 6.38 minutes for weeks 1 and 4, respectively.
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Table 18: Quantitative observation: average time of task completion
Task

Level

Week 1
Week 4
N= 11
N= 11
Tasks performed without assistance from the research team
Min Max M (SD)
Min Max M (SD)

Paired
p
value
0.08 0.63 0.22(0.16) 0.80 0.26 0.16(0.58) 0.23

7. Log blood
I
glucose to 140
8. Log your
I
0.10 0.20 0.13(0.36) 0.05 0.21 0.13(0.05) 0.88
weight
9. Complete the
II
.63 1.45 0.95(0.26) 0.45 1.48 0.79(0.28) 0.06
Activities of
Daily Living
Survey
10. Complete the
II
0.70 1.85 1.19(0.40) 0.70 2.21 1.19(0.43) 0.98
Jacelon
Attributed
Dignity Survey
Tasks performed with assistance from the research team
11. Add a
III
1.05 4.68 2.36(1.00) 0.96 3.21 2.2 (0.7)
0.75
medication
reminder
(Tylenol
250mg-3 times
a day)
12. Add new user
III
3.16 9.27 5.27(1.80) 2.90 6.38 4.2 (1.0)
0.03
and set up new
account**
*Level 1 (I), Level 2 (II), Level 3 (III)
** New account consists of the following: blood glucose before breakfast, blood glucose
before bedtime, add the Activity of Daily Living survey to once per day, add the Sense
of Control Survey to once per day, and add new medication (e.g. Metformin 500mg,
tablet).

A paired-sample t-test was conducted to compare the average time took to
complete each task at week one and four. There was not a statistical significant
differences in the scores for task 1, 2, 3, 4 and 5. However, there was a statistical
significant differences in the scores for task 6 for week one (M=5.27, SD=1.8) and week
four (M=4.11, SD= 1.10); t (9) = 2.44, p=0.03.
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The conclusion is that level I and II tasks are simple and took a shorter time to
complete with fewer errors. Level III tasks took a longer time to complete with more
errors. However, there was a significant improvement in the time spent to complete task
level III.
Quantitative observation research question 3: errors or simplicity
How many errors do users make? How serious are the errors? How easy is it for
users to recover from the errors? Errors or simplicity was described earlier in Chapter 2
as how well the user can complete the desired objectives without obstructions or errors.
While participants performed the 6 tasks above, investigators assessed how well the users
were able to complete the assigned tasks without errors. This attribute was measured by
calculating the number of errors per task. The mean number of errors per task for weeks 1
and 4 are given in Table 19. Table 19 indicates that users made fewer errors while
completing tasks level I and II. The minimum and maximum errors number for tasks I
and II were 0, and 3 respectively. Also, users made a higher number of mean errors
while completing the level III tasks. However, paired-sample t-tests showed the
differences are not statistically significant.
In summary, all users made fewer errors on level I and II tasks , most likey
because these tasks are simple and easy to conduct. Level III tasks were more advanced
and required clearer instructions to complete. The number of errors in week four were
slightly fewer than week one, but without statistical differences.
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Table 19: Quantitative observation: average errors of tasks completion
Task

Level

Week 1
N= 11
Min Max M (SD)

Week 4
N= 11
Min Max M (SD)

P
value

Tasks performed without assistance from the research team
13. Log blood
I
0
2
0.18(0.60) 0
1
0.18(0.40) 1.00
glucose to 140
14. Log your weight
I
0
0
0.0 (0.00) 0
0
0.0 (0.00) NA
15. Complete the
II
0
1
0.09(0.30) 0
3
0.45(1.03) 0.17
Activities of
Daily Living
Survey
16. Complete the
II
0
2
0.45(0.82) 0
3
0.45(0.93) 1.00
Jacelon Attributed
Dignity Survey
Tasks performed with assistance from the research team
17. Add a medication III
0
4
1.60(1.50) 0
3
1.27(1.10) 0.43
reminder (Tylenol
250mg-3 times a
day)
18. Add new user and III
2
8
5.20(1.87) 1
8
4.45(1.75) 0.31
set up new
account**
*Level 1 (I), Level 2 (II), Level 3 (III)
** New account consists of the following: blood glucose before breakfast, blood glucose
before bedtime, add the Activity of Daily Living survey to once per day, add the Sense of
Control Survey to once per day, and add new medication (e.g. Metformin 500mg, tablet).
Qualitative observations: observers’ field notes and comments
Users completed each task while 2 members of the research team observed and
evaluated the performance of each task. Table 20 describes the most common issues
observed while users completed the tasks. Observers were able to identify 6 features in
the ASSISTwell application for future improvement and refinement. Identified features
are categorized as follows: surveys, exiting surveys, reminders, preferences, setting up
tasks, and adding new medications.
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Surveys
When a user began answering survey questions, there was no way to tell which
answers had been selected after the user moved to the next question. If the user needed to
go back to the previous question, there was no way to tell what their answer had been.
This issue poses a challenge for older adults with shaky hands or who have a problem
with the touch functionality.
Existing surveys
If a user accidently pressed the cancel button, it exited the user from the survey.
This issue was frustrating to some of the participants, particularly if they were already
almost finished with the survey.
Reminders
Most users were confused between “repeating,” “every," and "stopping" while
they set up their reminders. More detailed instructions on how to set up the reminders
using “repeating,” “every” and “stopping” need to be considered.
Preferences
Users were observed having difficulties setting up their daily preferences with the
date and time selection slider. Most users had a hard time controlling the slider up and
down in order to set up a specific time. This function needs to be reconsidered to provide
the easier way to set up the date and time sliders that suits older adults’ abilities.
Setting up tasks
Most users were confused about the editing function in setting up a task. They
touched the button on the left side instead of the right side when they wanted to use the
editing tool (Picture 3).
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Picture 3: Setting up Tasks

Adding new medications
Users had difficulty adding a new medication. None of the participants was able
to add a medication on their own without an assistant. Users perceived this feature of
adding medications was as confusing. This feature needs to be considered for
improvement in the next version of the application.
Table 20: Observations notes and comments
Task
Log blood
glucose

Level
Easy

Log your weight Easy

Comments
- Most users had no issue with completing the task.
- Users were very confident performing the task.
- Participants completed the task completely
independently.
- Users were able to quickly recover from pressing the
wrong button or wrong data entry.
- Most users had no errors completing this task.
- The task was very simple for all users.
- Users were very confident completing the task.
- Participants were confident and quick in performing
the task.
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Complete the
Activities of
Daily Living
Survey

Moderate

-

Complete the
Jacelon
Attributed
Dignity Survey

Moderate

-

Add a
medication
reminder
(Tylenol
250mg-3 times
a day)

Advanced

-

Add a new user
and set up the
following:

Advanced

-

Minor data entry errors were noticed, however users
were able to recover quickly.
No way to tell which answer was selected.
Users were going too fast between questions. They
did not realize there are some questions were not
answered.
Accidentally exiting from the survey was
experienced by few participants, resulting in
participants having to redo the task.
Unawareness of skipping questions
If users accidentally press the cancel button, then
they will lose the whole survey.
A few participants had an issue understanding some
of the survey questions due to literacy level.
Some users had errors with positive and negative
wording.
Confused between "repeating daily” and "every."
(see picture 4)
Participants needed partial assistant completing the
task.
All participants had a partial assistant in setting up
this task.
Errors with setting up “repeating,” “every” and
“stopping.”
None of the participants were confident in
performing this task without an assistant.
Adding new medication feature was confusing
1. B
Participants
need more training on how to set up the
entirel account without an assistant.
Userso had a hard time controlling the slider up and
o
down.
d function in setting up tasks was confusing
The edit
to most users.
Noned of the participants were able to perform this
task awithout some kind of assistance/guidance.
y
Common
errors were: mixing up date and time
.
accidently, forgetting to set up repeating tasks
“every” and “stopping,” and adding medications.

Summary of the findings from the qualitative and quantitative observations
The outcomes of the observation sessions showed that the most users were able to
complete the level I and II tasks with a high success rate, in a short amount of time and
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with minimal errors. However, users seemed to struggle in completing the level III tasks.
Users made more errors, took a longer time to complete the tasks, and had a lower
success rate.
Results from the observers’ field notes indicated that setting up medication
reminders and adding new medications need further improvement in order to make those
tasks easy to navigate. In addition, users need more training how to set up a new account.
Testing the Effectiveness of the ASSISTwell Application: A Pilot Study
Introduction
After analyzing the usability of the ASSISTwell application and identifying
possible things to improve upon, it is critical to determine the effectiveness of the
application of the diabetes self-management outcomes (e.g. BG and perceived diabetes
self-management skills). A pilot study was conducted to test the effectiveness of the
ASSISTwell application after obtaining the ethical approval from the University of
Massachusetts, Amherst. The purpose of this pilot study was to determine the effect of
the ASSISTwell application on blood glucose levels and patients’ perceived ability to
self-manage in patients with DMII. The pilot study aimed to assess the association
between the use of the ASSISTwell application, blood glucose levels, and patients’
perceived ability to self-manage in order to determine its effectiveness in disease
management.
Twenty-four older adults with DMII were recruited and assigned into 2 groups,
Intervention and control group. The participants in the intervention group (n=12) received
a tablet-based computer with the ASSISTwell application installed. They were instructed
to use ASSISTwell application for 30 days. The participants in the control group (n=12)
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received a tablet without the ASSISTwell application and were asked to continue their
usual self-management activities for 30 days.
Results of the Pilot Study
The total sample was 23 participants; one participant in the intervention dropped
out from the study after week 1. Twenty-three participants completed the study without
any missing data.
Participants’ characteristics
Participants were assigned to either intervention (n= 11) or control (n= 12). The
research team conducted the study in the intervention group first and then moved to the
control group to avoid any contamination in the implementation process (Table 21).
All participants were diagnosed with DMII. The average age of participants was
68.65 years old (SD =8.55) in the intervention group and 64.30 years old (SD =8.06) in
the control group with slightly more female participants than male (58.3% - intervention,
and 58.3% -control). The majority of subjects were white Non-Hispanic (75% in the
intervention and 91.7% in the control group).
91.7% of participants in the intervention group and 83.3% of participants in the
control group reported that they have a computer-based system (smartphone, tablet, or
computer) at home. Only 8.3% of participants in the intervention group and 16.7% of
participants in the control group reported that they do not have a computer based system
at home.
Majority of the partcipants reported they were very comfortable to comfortable in
using computer (66.7% in interveniton and 41.6% in control group). 33.3% of
participants in the intervention group and 58.3% of participants in the control group
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reported that they are a littile comfortable with the computer. No participants in the
intervention or the control group reported that they are not at all comfortable with
computer.
Table 21: Participants characteristics: pilot study
Characteristics

Intervention
(n=12)
Mean
SD
68.65
8.55
3.17
2.29
N
%

Control
(n=12)
Mean
64.30
3.42
N

SD
8.06
3.31
%

Male
Female

5
7

41.7 %
58.3 %

5
7

41.7 %
58.3 %

White
Black or African-American
Native American or Alaska
Native

9
3
0

75.0 %
25.0 %
0.0 %

11
0
1

91.7 %
0.0 %
8.3 %

Hispanic or Latino
Not-Hispanic or Latino
Unknown or not reported

0
12
0

0.0 %
100 %
00.0 %

1
10
1

8.3 %
83.3 %
8.3 %

1
11

8.3 %
91.7 %

2
10

16.7 %
83.3 %

1
1
10

8.3 %
8.3 %
83.3

0
3
9

0.0 %
25.0 %
75.0 %

0
4
3
5

0.0 %
33.3 %
25.0 %
41.7 %

0
7
4
1

0.0 %
58.3 %
33.3 %
8.3 %

Age (Years) mean, SD
Number of hours spent on tablet
Sex

Race

Ethnicity

Tablet computer-based system at home
No
Yes
Tablet computer-based system at work
No
Yes
Not applicable
Comfort level with Computer
Not At all comfortable
A Little comfortable
Comfortable
Very Comfortable

Perceived diabetes self-management scale scores ranged from 1 “strongly
disagree” to 5 “strongly agree.” The mean PDSMS score was 23.23 (SD=8.51) in the
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intervention group and 20.52 (SD= 8.16) in the control group at baseline (week 1).
There is a statistically significant difference between the groups indicating two groups are
not comparable at week 1 (F(1, 20) =9.86, p=.005). Table 22 describes individuals
perceived diabetes self-management skills scores at baseline and week four for the two
groups.
Table 22: PDSMS individual scores for intervention and control groups

Participants Number
Participants 1
Participants 2
Participants 3
Participants 4
Participants 5
Participants 6
Participants 7
Participants 8
Participants 9
Participants 10
Participants 11
Participants 12
Average Score (SD)

Intervention
N=12
Week 1
Week 4
23.75
35
15
31.25
10
27.5
16.25
28.75
21.25
35
38.75
38.75
31.25
38.75
20
22.5
32.25
-99
21.25
21.25
17.5
22.5
31.25
31.25
23.22 (8.51) 30.22 (6.34)

Control
N=12
Week 1
Week 4
30
28.75
12.5
20
31.25
26.25
20
20
20
40
15
17.5
7.5
17.5
33.5
30
25
22.5
12.5
17.5
20
30
18.75
17.5
20.52 (8.16)
23.95 (7.12)

The mean blood glucose level at week 1 was 182 (SD=45) in the intervention
group and 184 (SD= 72) in the control group at baseline (week 1). There is a statistically
significant difference between the groups indicating two groups are not comparable at
week 1 (F(1, 20) =67.33 p<.001). Table 23 describes individual blood glucose scores at
baseline and week four for the two groups.
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Table 23: Individual BG levels at baseline and week four for the interventions and control
groups

Participants Number
Participants 1
Participants 2
Participants 3
Participants 4
Participants 5
Participants 6
Participants 7
Participants 8
Participants 9
Participants 10
Participants 11
Participants 12
Average Score (SD)

Intervention
N=12
Week 1
Week 4
167
156
132
143
157
165
151
134
302
276
145
140
191
199
179
193
-99
-99
196
163
190
192
194
196
182 (45)
178(40)

Week 1
213
201
157
122
151
177
384
127
161
238
137
151
184 (72)

Control
N=12
Week 4
234
183
173
95
148
181
279
178
188
248
148
169
185 (49)

Group difference: intervention vs. control group: Perceived Diabetes Selfmanagement skills
A one-way ANCOVA was conducted to compare the effectiveness of the
ASSISTwell application on the PDSMS score while controlling for the baseline PDSMS
score. Levene’s test and homogeneity of regression were carried out, and the assumptions
of ANCOVA were met. There was a significant difference in mean PDSMS (F (1, 20)
=5.11, p=0.035) scores between the two groups. After controlling for the baseline
PDSMS score, those who used ASSISTwell (mean= 30.22, SD= 6.34) had higher
PDSMS scores than those who received usual care without ASSISTwell (mean= 23.95,
SD= 7.12). The results indicate that using the ASSISTwell helps participants improve
their diabetes self-management skills.
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Group difference: Blood glucose levels
A one-way ANCOVA was conducted to compare the effectiveness of the
ASSISTwell application on the blood glucose level while controlling for the baseline
blood glucose level. Levene’s test and homogeneity of regression were carried out, and
the assumptions of ANCOVA were met. There was no significant difference in mean
blood glucose levels (F (1, 20) =0.37, p=0.54) between the two groups. After controlling
for the baseline blood glucose level, those who used ASSISTwell (M=178, SD=40) had
lower blood glucose levels than those who received usual care without ASSISTwell
(M=185, SD=49), but the difference is not statistically significant.
Summary of the findings from the pilot study
The ANCOVA revealed that participants who used ASSISTwell had higher
PDSMS scores than those who received usual care without ASSISTwell. The results
indicate that use of the ASSISTwell improves participants’ diabetes self-management
skills. Participants who used ASSISTwell had lower blood glucose levels than those who
received usual care without ASSISTwell, but the difference was not statistically
significant.
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CHAPTER 5
DISCUSSION
Introduction
To our knowledge, there are only 5 applications targeting self-management for
individuals with more than one chronic disease (Jacelon, 2016). Our study is the first
study targeting self-management for older adults with more than one chronic disease and
was designed particularly for adults 55 years and older using a functional role approach.
Furthermore, the functional role approach is providing older adults with an application
that focuses on teaching them how to self-manage their condition instead for providing
them with surveillance applications.
This paper presented the usability and the effectiveness of a tablet-based selfmanagement application for older adults with DMII. The objective of the study was to
assess the usability attributes (effectiveness, efficacy, errors/simplicity, overall
satisfaction, comments/feedback and how the application fits as a component of routine
diabetes self-management), and to explore whether the application can effectively
enhance DMII patients’ self-management. In the following two sections, findings from
the usability and effectiveness testing will be discussed.
Evaluation of Usability of the ASSISTwell Application
Technological healthcare applications can transform healthcare. However, they
are useless if they are not effective, efficient, and easy to use. Therefore, improvements in
usability are crucial to the healthcare applications. By preventing errors, boosting
efficiency, and making technological interventions easier to use, the quality of healthcare
can be greatly improved (McHome et al., 2010). Usability attributes of the ASSISTwell
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application were explored using an innovative method. It was measured based on a 30day period using triangulation testing techniques (e.g., quantitative standardized
measures, qualitative interviews, observations, and field notes). In the following section,
we will discuss the usability findings based on the results from 3 data collection
techniques.
Quantitative Standardized Measures: SUS
The quantitative data analysis suggested that users were very satisfied with the
application. The average scores of the System Usability Scale (SUS) were improved
from 91.60 in week 1 to 92.05 weeks 4, respectively. When compared to normative data,
the scores were associated with “best imaginable” for adjective ratings, which
corresponds to “A-“ on the grading scale, and “acceptable” for acceptability ratings
(Bangor et al., 2009).
The SUS has been used across more than 3500 surveys within approximately 273
usability studies on different platforms such as the web, mobile phones, tablet
applications, etc. (Bangor et al., 2009). The average SUS was reported to be
approximately 70, and for mobile applications was 68.20 (Bangor et al., 2009). In this
study, 100% of the participants in weeks 1 and 4 were above the average score for mobile
health applications.
Findings from this study in relation to the overall satisfaction assessment using
the SUS indicates that the application is easy to use and navigate, simple, and learnable.
Additionally, 80% of the user's responses were positive and indicative of users'
confidence and willingness to use the application in the future.
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Qualitative Interviews
Findings from the participants' interviews suggested several critical implications
on the usability of the ASSISTwell. Those implications were summarized in 3 categories:
first, participants were satisfied with the overall experience of using the application, and
second, they used the application as part of their routine self-management activities.
Third, participants were able to provide feedback on existing features and offer
suggestions for ways to improve and develop the application.
Participants were satisfied with the overall experience of using the application
Several research studies highlighted the simplicity, ease of navigation (Fairman,
2013), usefulness (Anderson, 2010), presentation (Froisland, 2012), ease of use,
satisfaction (Gabrielian et al., 2013), errors, effectiveness, and efficacy (Waite et al.,
2013) as common attributes of usability. However, in our study, the qualitative analysis
of the participants' interviews suggested that overall satisfaction, ease of use, ease of
navigation, simplicity and helpfulness, presentation, effectiveness, efficiency, errors,
functionality and features, and excitement and acceptance were important attributes to
the user. Therfore, in this study ten critical usabilities attributes were highlighted. Users
completed tasks related to their self-management activities using the ASSISTwell
application for 30 days. Based on their experience, users described the application as
simple and easy to use and navigate. Also, they highlighted that the application was very
helpful as a support for their self-management activities. Using the application to
complete daily and weekly self-management activities quickly, efficiently and
conveniently was a key aspect of the application's overall usability. Positive feedback in
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regards to the above attributes provides us with valuable information as we move forward
in improving and developing the ASSISTwell application.
Participants used the application as part of their routine self-management activities
In a recent qualitative study to assess patients' experience with diabetes support
programs, the researchers highlighted the importance of incorporating the program as a
part of the patient’s activities of daily living (Ralston et al., 2004). The study also
highlighted that considering patients’ specific needs and expectations, as well as the
expectations of patients and their providers in the development of the program, were key
factors in incorporating the program into patients’ activities of daily living. Our study
indicated that the ASSISTwell application was well accepted and used as a part of
patients’ routine self-management activities.
Eleven themes emerged from the participants’ interviews: discipline, awareness,
independence, positive attitude, support, confidence, accountability, responsibility,
balance, compliance and adherence, and reminders. The aforementioned themes have
significant implications on the ASSISTwell application’s usability. For example, using
the ASSISTwell on a daily and weekly basis as a part of routine self-management
activities enhanced the participants’ sense of awareness, accountability, discipline and
responsibility for their disease management. Thus, participants became more satisfied and
willing to use the application as a part of their routine management.
Feedback on existing features and suggestions for future improvement
Participants were able to provide valuable and critical feedback on existing
features and suggestions for ways to improve and develop the ASSISTwell application.
Feedback and suggestions for possible improvements from users’ perspectives are
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considered critical attributes of any system’s usability. For example, Waite et al. (2013)
explored the usability of 3 mobile applications that supported diabetes self-management
and considered the users’ suggestions and feedback as one of the main usability attributes
in the study. In their results, based on users’ suggestions, they were able to list 13
features to be considered in future developments. In our study, based on users’ feedback,
we were able to highlight 23 suggested features to be considered in the next version of
the ASSISTwell application. These suggested features (Table 13) play a key role in
improving the overall usability of the ASSISTwell application and are considered
important aspects of diabetes self-management. All 23 suggested features, along with
users’ feedback, will be incorporated in future versions of the ASSISTwell application
As part of usability testing of the ASSISTwell application, it was critical to
review the functionality and applicability of the application’s existing features.
Qualitative analysis of the participants’ interviews and field notes highlighted 7 existing
features to be reconsidered or revised for the next version of the ASSISTwell application.
Revising and developing those features is an important step to produce a more usable,
effective and engaging application.
Users’ Observation
Two iterative cycles of the observation sessions were completed during the 30day period of the study. The overall findings from the analysis of the observation sessions
revealed that participants were able to complete all tasks. However, we identified several
design issues, problems, and areas that could improve usability of the ASSISTwell.
Based on our findings we drew a number of significant implications on the overall
usability of the ASSISTwell application.
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First, well-designed features within an application have a significant impact on
the following usability attributes: user satisfaction, ease of use, ease of navigation,
effectiveness, efficacy, and errors or simplicity. Users had no issues in completing level I
and II tasks completely and independently. All performance indicators such as success
rate, time required to complete the tasks, and number of errors while performing the task
indicate that the features needed to complete those tasks were well designed and
positively impacted the overall usability of the application.
Second, adding a new medication and setting up a new medication reminder tasks
( tasks 5 and 6 in the level III) were performed 22 times during the entire study. All 3
performance indicators (success rate, the time required to complete the tasks, and the
number of errors while performing the task) showed that those tasks were difficult to
complete independently. This was likely due to a confusing interface design, and users
were not clear on how to navigate through the “add new medication” page. Compared to
other tasks, results from those 2 tasks indicates higher error rates, longer times to
complete and lower success rates. This design issue will be highlighted and considered
for improvement in order to enhance the overall usability of the application.
Third, setting up the activities reminders and using the features of “repeating,”
“every," and "stopping" (see Picture 4) was confusing and challenging for all users. In the
blood glucose reminder page (refer to Picture 4 ), there were 3 options to complete setting
up a reminder. Those options are: 1) “repeating” if users want the reminder to repeat
hourly, daily, weekly, or monthly, 2) “every,” for example every week, every day, every
2 weeks, etc., and 3) “stopping,” for example, if users want to stop receveing the
reminder after 30 days. Our observers’ notes and the participants’ comments reveal that
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more specific, detailed instructions are required to make the those features more simple
and easy to use. Users made many errors in setting up the reminders due to the confusion
in using “repeating,” “every,” and “stopping.” As a reault, they spent a longer time to
complete the task, resulting in scoring low on the success rate. Adressing this issue
would have a positive impact on the application’s usability.
Picture 4: Setting up activities reminders
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Fourth, most of the users were confused about the edit function when setting up a
task and the task completion check box (Picture 5). Furthermore, when the user needed
to add an additional task, the first thing he/she did was touching the boxes on the left side
of the screen instead of the “edit” button on the right side. This issue did not make any
errors but brought confusion to the users so that they spent a longer time to complete the
task. Despite the fact that this minor issue did not cause any errors, there is still a need to
improve the functionality of this feature in order to obtain the maximum usability.
Picture 5: Setting up activities
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Fifth, observers were able to identify 2 issues related to taking a survey features in
reagrds to the performance indicators (success rate, the time required to complete the
tasks, and some errors while performing the task). Several users spent a longer time to
complete when taking the surveys with more errors and a lower success rate compared
to other tasks. This was likely due to 2 minor design issues. When the user began
answering survey questions, there was no way to see which answers were selected and
answered. This issue posed a challenge for older adults particularly with shaky hands or
who have a problem with the touch functionality. For example, if the user clicked on the
answer by accident and moved to the next question and then decided to go back to the
previous question, there was no way to see which questions were already selected and
answered and which ones not. In addiiton, completing the survey tasks was observed 44
times during the entire study. Severel users did redo the tasks several times because of a
minor design issue. When a user accidently presses the cancel button, it would
completely exit the user from the survey. Users suggested that if there was an option that
asks, “Are you sure you want to exit?” and the user can choose yes or no, it would greatly
prevent from accidiental exiting from the surveys.
Effectiveness of the ASSISTwell Application: A Pilot Study
Self-management is an important component of treatment and care for patients
with chronic illnesses such as DMII. There is an increasing demand for interventions that
support and enhance self-management (Nes et al., 2012). New technological advances
can improve self-management by encouraging patients to participate in practices and
routines related to their illness and provide educational and motivational support for dayto-day disease management (Hunt, Sanderson, & Ellison, 2014). Moreover, the National
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Institute of Health’s Behavioral Research and Diabetes Conference acknowledged that
effective information technology is an integral component of successful diabetes
management (Glasgow et al., 2001).
This pilot study tested the effectiveness of an innovative computer-tablet based
application (The ASSISTwell) on the perceived diabetes self-management skills and
blood glucose levels for older adults with DMII. The findings demonstrate that the
participants who used the ASSISTwell application had significant improvement in their
perceived diabetes self-management skill at 30 days after use of ASSISTwell, which is
similar to the findings from the pervious studies. The study by Nes et al. (2012) also
reported that technological applications such as tablets had a significant effect on
enhancing self-management skills.
Participants who used ASSISTwell had lower blood glucose levels than those
who received usual care without ASSISTwell, but the difference was not statistically
significant. The study finding is not consistent with the previous study by Yu et al. (2012)
which demonstrated an positive impact of technological applications on glycemic control.
This inconsistency might be due to several facts: 1) for the ASSISTwell to affect BG, 4
weeks might not be enough time to detect significant changes,, or 2) BG is not a sensitive
indicator to detect changes on self-management compared to other indictors such as
HBA1 c. Even though the effect of ASSISTwell is not fully supported, our application,
ASSISTwell is innovative because it is theory-based application targeting older adults
with DMII unlike previous studies.
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Pilot Study: Lessons Learned
A number of important lessons to inform future larger trials of testing the
effectiveness of the ASSISTwell application has emerged. Lessons learned include the
need to develop a robust recruitment strategy with more than one recruitment approach,
considering the geographic location of the participants, counting for travel time to
participants, and considering the difficulties of scheduling visits to participants in remote
areas. Gaining an insight of common communication options with older adult participants
was helpful. Additionally, implementing an intervention with daily and weekly
tasks/procedures was a valuable lesson learned for future implementation of the same
intervention but in a larger trial.
Recruitment strategy
The pilot study was conducted in western Massachusetts between September,
2016 and April, 2017. Three recruitment strategies were used to recruit 24 older adults
with DMII: flyers, in-person recruitment and word of mouth. Despite carefully planned
recruitment strategies, participants’ recruitment did not go rapidly and smoothly at first
for several reasons.
Flyers
First, flyers were posted on the communication board in the Amherst Senior
Center (ASC). The director of the ASC was very supportive of the study and provided a
letter of support to recruit from the ASC. However, the researcher realized that relying
100% on flyers would not meeting the proposed plan for enrollment (enrolling 2
participants per every 2 weeks). Only 2 participants were enrolled in the first month.
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Therefore, it was necessary to use an additional strategy, in-person recruitment, to enroll
more participants.
In-person recruitment
A nurse from the ASC was contacted by the research team to help in identifying
potential participants. A member of the research team met with the nurse and provided all
information and flyers to be distributed to potential participants. The nurse distributed
flyers to potential participants, and eligible participants were asked to contact the
research team if they were interested. This recruitment method worked well, and the
research team was able to recruit 8 more participants.
To meet the target sample size, however, the researcher realized to approach other
locations for recruitment. An amendment to the recruitment strategy was submitted to the
IRB office at the University of Massachusetts. IRB approval was obtained to recruit
participants from community clinics, assisted living residences, senior centers and
community centers in Western Massachusetts. The research team contacted the directors
for the Mason-Wright Retirement Community in Springfield, and the Community Health
Center of Franklin County to obtain permission to recruit from the 2 centers. Both centers
were interested in supporting the study. The research team worked closely with nurses
from both centers to recruit and enroll the remaining participants. The proposed plan of
enrolling 2 participants every 2 weeks was met and the research team continued enrolling
participants until the target sample size of 24 participants was met.
Word-of-mouth recruitment
In addition to the two recruitment strategies, word-of-mouth was used in the
study. Enrolled participants were encouraged to recruit their friends, peers or family
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members. This strategy was useful to increase the diversity of the participants. For
example, an African-American participant would be more likely to recruit a friend or
family member from the same race and ethnicity. This strategy was successful, and the
research team was able to recruit 5 participants, 21% of the entire sample size, using the
word-of-mouth strategy. Through this experience, the researcher learned the importance
of adopting multiple recruitment strategies to facilitate a recruitment process.
Travel to participants
Most of the participants preferred to meet at their homes or at a location close to
their homes. However, the one-way distance to participants’ homes ranged from 60 to
100 miles. Therefore, we learned that we need to carefully plan the visits with clear
directions on how to get to their homes on every visit. In addition to the long distance
travel to the participants’ homes, the research team called and made an appointments 5 to
7 days prior to the visit, and then call a day before the meeting to confirm the
appointment. Despite carefully planned meetings, some participants cancelled after the
research member had driven almost 100 miles to meet with them. Initial visits to new
participants was a great challenge since researchers had to find the address and be on
time. We learned that we have to leave early and allow enough time in case we got lost or
the participant was not ready for the visit.
Communication with participants
Email and cellular communication were not always available to older adults.
Home phone lines were the only way of communication for most of the participants.
However, if a participants decided to meet in public, then the research team and the
participants had to rely on a preset of instructions (e.g. “ I will be sitting in McDonald’s
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wearing a blue coat”). Additionally, cellular phone communications were not always
possible in remote areas. We learned that we should prepare for the possibility of
inability to reach patients all the time, particularly before the visit.
Home visits
Most of the visits with participants were held either in their homes or in a location
close to their homes. Therefore, researchers had to drive from home to home in different
locations. Additionally, the majority of participants were only available in the afternoon
or evening. This was a great challenge to drive in the dark since the timing of the data
collection was the winter time. We learned to consider where we will be driving to meet
participants (e.g. remote area, heavy traffic area, or in the woods). For example, one of
the participants was recruited over the phone, therefore their address was obtained over
the phone. However, when we went to meet with him, we found that he lives almost 4
miles deep in the woods and we had to drive all the way on a dirt road in the ice and
snow and our car did not make it. After this experience we learned to check the address
first, and verify the location? with the participants before the meeting.
Implementation
As this was a pilot study, the researcher hope to implement the same intervention
but on a larger scale in the future. Many lessons were learned in terms of implementation.
First, the participant interviews were a valuable data collection method to support
the usability of the application. Surprisingly, quickly and after just a few interviews, we
found that the interviews also produced valuable data to support the effectiveness of the
self-management application. We recommend that it might be beneficial to conduct
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interviews at the middle or the end of the study in addition to quantitative surveys when
examining the effect of the Assistwell.
Second, observations were challenging to control since there were so many
factors that could affect the results, such as the level of understanding the task,
surrounding environment, and receiving enough training. For example, adding a new user
and creating the entire account was still challenging for all users even after they had a
training session. Therefore, we learned that users needed more time for traning before
they were asked to complete the task. Also, during the efficacy testing we used the thinkaloud technique, and some of the participants had various ways of verbalizing the tasks
and many of them were not familiar with the technique. For example, some of the
participants verbalized the task and suddenly they started talking about something else. It
had a negative impact on the usability findings when mesuring the time spent for the
tasks. We learned that we shoud make clear to the participants that what they had to
verbalize and that we were timing them while they completed the task. Researchers’
demonstrating several examples of think-alouds might be helpful to show participants
what will be expected.
Third, in this pilot study, we used the blood glucose level and perceived diabetes
self-management skills as the two outcomes. The implementation of those standardized
measures went very smoothly without any issues. However, non-signficant findings
regarding the blood glucose level indcitae that more accurate (or sensititve) biological
markers such as Hemoglobin A1c than the blood glucose level might be beneficial to
examine the effect of the application on the DM self-management.
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Strengths and Limitations
This study had several strengths. First, compared to previous usability studies,
this study used a triangulation data collection method (quantitative standardized
measures, qualitative interviews, and qualitative and quantitative observations). This
results in collecting rich data to identify the usability issues, problems and common ways
to improve the application features. Second, our usability testing involved a relatively
larger sample size compared to other usability studies. This has helped in identifying
design weaknesses and the usability issues for further improvement of the application.
Third, the methods and procedures in this study were carefully planned and were set up
based on well-known usability models such as Nielson (1994) and empirical research
studies such as PACMAD (Harrison, Flood & Duce, 2013). Fourth, the usability testing
in this study involves an innovative way of obtaining user feedback in the context of
daily living. Several forms of data were collected while users using the ASSISTwell
application in their homes. This innovative usability test allowed researchers to examine
if ASSISTwell is seamlessly integrated into users’ daily routines.
Despite the strengths of the study design, there are some limitations which should
be noted. First, the results from the effectiveness of the application of disease
management were based on findings from a pilot study. Therefore, a larger full-scale trial
is recommended to determine the effect of the ASSISTwell. Second, the effectiveness
study was limited to a 30-day testing period. For the ASSISTwell to affect outcomes 30day might not be enough time to detect significant changes on certain health outcomes
such as BG. Third, the sample was not randomized or blinded in any way, which might
threaten the validity of the study.
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Recommendations and Future Directions, and Implications for Future Research
and Practice
Recommendations and future directions
Findings from the usability study suggested the ways to improve some of the
existing features in the ASSISTwell. Additionally, users suggested additional features to
support their self-management activities. Addressing those concerns might require
another cycle of usability testing in order to develop an effective and engaging selfmanagement application.
The effectiveness of the ASSISTwell application was conducted as a pilot study.
Therefore, a full scale randomized control trial will be recommned to test the
effectiveness of the application on a comprehensive set of health outcomes. Only two
outcomes were included in this pilot study; perceived diabetes self-management skills
and blood glucose levels. For future studies, we recommned to examine healht outcomes
such as glycemic control HbA1c, self-efficacy, self-management, adherence to
medications, adherence to diet and exercise, health status, physical activities, healthcare
utilization (e.g. number of primary care visits, ER visits, hospitalizations, etc.) and
quality of life. We also recommend extending data collection to 3 -, 6 - and 8-month.
Data from participants’ interviews indicates that the ASSISTwell application may
have a positive impact on older adults’ behaviors and attitudes toward their condition.
Therefore, future research should explore the impact of the ASSISTwell application on
users’ attitude and behaviors toward their disease management.
Implication for future research and practice
In the last 2 decades, tremendous amounts of technological applications have been
introduced to healthcare in general, as well as nursing in particular. Findings from this
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study will guide researchers and technology application designers to consider the most
common usability attributes, techniques, and methodologies when testing the usability of
new applications. This study presented 3 usability data collection techniques, including
the use of quantitative standardized measures, qualitative interviews and qualitative and
quantitative observations. Findings from the usability study present a list of suggestions
and proposed features to be made in future self-management applications. Those
suggestions and proposed features will greatly benefit future research on selfmanagement technological applications.
Findings from the effectiveness study provides the valuable evidence for diabetes
clinicians and educators that use of technological interventions such as a tablet-based
application used in our study promotes self-management behaviors of older adults and
further improves health outcomes such as perceived diabetes self-management skills.
To our knowledge, this application is the first self-management application to be
designed specifically for older adults 55 years and older with one or more chronic
conditions using a functional role approach. Findings from this study will provide
evidence to researchers, clinicians, and policymakers about the impact of teaching
patients how to self-manage instead of focusing on disease surveillance. Finally,
identifying successful elements in the usability and effectiveness findings is an important
aspect for researchers and designers to consider when developing new effective and
engaging self-management technological interventions.
Conclusion
In this study, 3 iterative cycles of usability testing revealed that the application
has a high overall satisfaction rate and was well accepted by users as part of their routine
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self-management activities. In addition to users’ positive comments and feedback,
investigators were able to highlight several features for improvements and developments.
Also, analysis of the interviews reveals several suggestions of features to be considered in
the next version of the application. Addressing the suggested areas for development and
improvement will be critical to developing a usable, effective and engaging application to
support older adults’ self-management activities.
The study results showed that use of the tablet-based application, the
ASSISTwell, for older adults with DMII improved older adults’ perceived diabetes selfmanagement skills. The results were based on findings from a pilot study, therefore, a full
scale randomized control trial is recommended to examine the effect of the application on
a comprehensive set of health outcomes. There was also slight improvement in blood
glucose management in the intervention group compared to the control group, but the
difference was not supported by a statistical significance. Since the study was limited to
a 30-day research period, we recommend extending data collection to 3 -, 6 - and 8month. For the ASSISTwell to affect health outcomes, 30-day might not be enough time
to detect significant changes on certain health outcomes such as BG. Despite several
limitations, the results from this study introduce an innovative, usASSISTwell application
for older adults with DMII to support self-management activities.
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APPENDIX A
STUDY FLYER
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APPENDIX B
OBSERVATION FORM FOR USABILITY TESTING
Patient’s First Name: _________________
Patient’s Last Name:
___________________
Patient’s Date of Birth: __ __/__ __/__ __ __ __ Patient’s Identification Number: __
__
Observation Date: __ __/__ __/__ __ __ __
Task 1: Log blood glucose level to 140 mg/dl
Task specific data
Observations/ Comments/Notes
Success percentage of
completing the task: ____%

How many minutes does it take
the user to complete the task?
______minutes.

How many errors does the user
make? _________errors.

Task 2: Log water intake 8oz
Task specific data
Success percentage of
completing the task: ____%

Observations/ Comments/Notes
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How many minutes does it take
the user to complete the task?
______minutes.

How many errors does the user
make? _________errors.

Task 3: Log daily activity
Task specific data
Success percentage of
completing the task: ____%

Observations/ Comments/Notes

How many minutes does it take
the user to complete the task?
______minutes.

How many errors does the user
make? _________errors.
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Task 4: Complete the dignity scale
Task specific data
Observations/ Comments/Notes
Success percentage of
completing the task: ____%

How many minutes does it take
the user to complete the task?
______minutes.

How many errors does the user
make? _________errors.

Task 5: Add new even to weekly schedule (add new medication “Tylenol 250mg- three
times a day)
Task specific data
Observations/ Comments/Notes
Success percentage of
completing the task: ____%
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How many minutes does it take
the user to complete the task?
______minutes.

How many errors does the user
make? _________errors.

Task 6: Add new patient and set up a the following:
- Blood glucose level before breakfast
- Blood glucose level at bedtime
- Activity level evening
- Add medication (Metformin 500 mg orally twice a day)
- Sense of control before bedtime
Task specific data
Observations/ Comments/Notes
Success percentage of
completing the task: ____%

How many minutes does it take
the user to complete the task?
______minutes.
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How many errors does the user
make? _________errors.
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APPENDIX C
PDSMS QUESTIONNAIRE
Patient’s First Name: ___________ Patient’s Last Name: ____________________
Patient’s Date of Birth: __ __/__ __/__ __ _ _ Patient’s Identification Number: __ __
Today’s Date: __ __/__ __/__ __ __ __
Strongly
Strongly
disagree
agree
1 It is difficult for me to find effective
1
2
3
4
5
solutions for problems that occur with
managing my diabetes.
2 I find efforts to change things I don’t like

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

about my diabetes are ineffective.
3 I handle myself well with respect to my
diabetes.
4 I am able to manage things related to my
diabetes as well as most other people.
5 I succeed in the projects I undertake to
manage my diabetes
6 Typically, my plans for managing my
diabetes don’t work out well.
7 No matter how hard I try, managing my
diabetes doesn’t turn out the way I would
like
8 I’m generally able to accomplish my
goals with respect to managing my
diabetes
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APPENDIX D
BLOOD GLUCOSE FORM
Patient’s First Name: ______________ Patient’s Last Name:___________________
Patient’s Date of Birth:__ __/__ __/__ __ __ __
Patient’s Identification Number:__ __
Week 1
Day of the
Date Before
After
Before
After
Before
After
week
Breakfast
Breakfast
Lunch
Lunch
Dinner
Dinner
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Week 2
Day of the
Date Before
After
Before
After
Before
After
week
Breakfast
Breakfast
Lunch
Lunch
Dinner
Dinner
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Week 3
Day of the
Date Before
After
Before
After
Before
After
week
Breakfast
Breakfast
Lunch
Lunch
Dinner
Dinner
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Week 4
Day of the
Date
Before
After
Before
After
Before
After
week
Breakfast
Breakfast
Lunch
Lunch
Dinner
Dinner
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
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Bedtime

Other

Bedtime

Other

Bedtime

Other

Bedtime

Other

APPENDIX E
SUS
#

Question

1

I think that I would like to use this system
frequently
I found the system unnecessarily complex
I thought the system was easy to use
I think that I would need the support of a
technical person to be able to use this
system
I found the various functions in his
system were well integrated
I thought there was too much
inconsistency in this system
I would imagine that most people would
learn to use this system very quickly
I found the system very cumbersome to
use
I felt very confident using the system
I needed to learn a lot of things before I
could get going with this system

2
3
4

5
6
7
8
9
10

Strongly
Disagree

146

Strongly
Agree 5

APPENDIX F
IRB APPROVAL LETTER
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